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PLANT ELONGATION FACTOR, PROMOTERS, 
CODING SEQUENCES AND USES 



10 



20 



rpnss-REFr.BF.NCF, TO RF.T.ATED APPLICATIONS 
This application is a continuation-in-part of U.S. 
application serial number 07/335,133, filed April 7, 1989, 
which is a continuation-in-part of U.S. application serial 
number 07/234,187, filed August 18, 1988, which disclosures 
are hereby incorporated by reference. 



TTJTRnnTTCTION 

fprhninal Field 

The field of this invention relates to compositions 
15 and methods for modification of plant phenotype by 
preferential transcription of a gene of interest in 
specific tissue (s) . 



Rar:karound 

With an increasing population, there is a continual 
demand for an increasing supply of food staples. In 
addition, in the wealthy societies, there is an expanding 
interest in food variety and improvement in organoleptic 
properties. Much of the revolution in agriculture in the 
25 increase of land utilization has been a result of the use 
of fertilizers. However, the use of fertilizers is a mixed 
blessing, in that the soil becomes ultimately less 
productive and the ground water becomes contaminated, 
resulting in eutrophy in various bodies of water. 
30 With the ability to introduce DNA into plants, there 

is the potential to modify the phenotype of the plant. 
Various modifications have already been made and continue 
to be made. One modification of interest has been 
herbicide resistance. By providing for the crop being 
35 herbicide resistant, one can provide for clear 

discrimination between the crop and weeds. Thus, the weeds 
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may be destroyed, so that there is no diversion of nutrient 
and water to unproductive plants . 

Initially, constitutive production of herbicide 
resistance was introduced into plants, so that there was a 
5 substantially constant amount of the herbicide resistant 
product being produced throughout the plant, regardless of 
the utility of such capability in various tissues. A 
further improvement resulted in the modification in the 
herbicide resistant gene with a leader sequence which 
10 allowed for transport of the gene into the chloroplast 

where the herbicide target was in the chloroplast. Since 
some herbicides inhibit enzymes present in the chloroplast 
providing for a herbicide-resistant enzyme in the 
chloroplast would maintain the enzyme function at the 
15 natural site where it is utilized. Other improvements have 
involved introduction of insect resistance, where an 
insecticidal protein existing naturally in bacterial 
organisms is introduced into plants for expression and 
resistance of the plant to insects. 
20 In many instances, there is a particular interest in 

protecting rapidly dividing cells or rapidly growing tissue 
against stress or other detrimental factors. For example, 
the site of action of various herbicides is rapidly 
dividing cells. Insects frequently target young tender 
25 tissue for attack resulting in injury at this site. 

Certain plant diseases are particularly severe with young 
rapidly dividing cells. Also, the tender new tissue is 
most sensitive to stresses such as frost, so that enhanced 
production of products which protect against frost or 
30 inhibition of endogenous products which enhance the 

sensitivity to frost is of primary interest in such tissue. 

There is, therefore, substantial interest in being 
able to target particular products to rapidly dividing 
cells in young tissue. In some instances, the protein 
35 which is produced may be deleterious to other tissue at 

elevated levels, so that one wishes to restrict expression 
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to the rapidly dividing cells. In other situations, the 
product will have no utility at other sites, so that the 
energy of the plant is wasted, reducing growth efficiency. 
Toward this end, it is important to identify genes and 
their promoters which will allow for expression in selected 
tissue (s) at a desired high level, while providing for low- 
or no-level of expression in other tissue. 

naippanl-. Li terature 

Genes encoding elongation factor-la from several 

species have been cloned and sequenced. These include 
yeast (Nagata, sL al. , W J, (1984) 2:1825-1830); the 
brine shrimp » r <-»^» *alina; (van Hemert, si al., E£S& 
Tifitt . (1983) 152:295-299; the fungus Mnror racftmosus (LinZ/ 
15 atai., -T Riol . Chem. (1986) ££1:15022-15029); and man 

(Brands, atal., Knr J, Mortem, (1986) 15JL: 167-17 1 ) . For 
■ a review of elongation factor-la (EF-ia) protein, see 
Ejiri, Methods .- in ^nzymoloav (1986), US.: 140-153 . 

Figure 1 shows the sequence of LeEF-1. 

Figure 2 shows amino acid comparisons between tomato 
and other EF-la proteins. 1 = L- »f*mi1 qntffln (tomato; LeEF- 
1 this paper) ; 2 = salina (brine shrimp) (van Hemert et 
25 al., 1984); 3 = fl. sanien (man) (Brands et al . , 1986); 4 = 
m ' T-srsmnsus (a dimorphic fungus) (Linz et al., 1985); 5 = 
fi. rprevisiae (yeast) (Nagata et al., 1984). Boxes 
indicate residues which are homologous tomato EF-la. 

Figure 3 shows the sequence of the EF-la genomic 

30 clone, 61-1 from tomato. 

Figure 4 shows the sequence of the EF-la genomic 

clone, clone A, also referred to as LeEF-A. 

Figure 5 is a graph representing a comparison of 
expression levels of various constructs of a flurometric 
35 GUS assay in transformed tobacco plants. Two EF-la-GUS 
constructs (pCGN2157 and pCGN2158) are represented and 
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compared to a mas-GUS construct ( P CGN7001) and repeated 
testing of a single double 35S-GUS clone (pCGN7320) . 

gTTMMaPY OF THF - TNVF.NTION 

5 Novel DNA transcription constructs, together with 

methods for their preparation and use, are provided for 
modifying the phenotype of plant cells and tissues . Also 
provided is a DNA sequence for preparation of the 
transcription constructs. When transformed into a plant 
10 cell, the transcription constructs provide for a 

transcription pattern of a gene of interest associated with 
that of elongation factor-la (EF-la) . The DNA comprises 
the 5' non-coding regions associated with the plant EF-lcc 
to and including the entire coding region for the plant EF- 
15 la and also the 3' non-coding region. DNA transcription 
constructs are prepared which include the transcriptional 
and translational regulatory region of EF-la and a gene of 
interest other than the EF-la gene under the regulatory 
central of the regulatory region and a termination region 
20 functional in a plant cell. The transcriptional construct 
can be used to insert any of a variety of endogenous or 
exogenous genes into a plant cell for high level production 
of transcription products, as well as translation products 
associated with varying the phenotype of specific plant 
25 cells and tissue. 

pf.SPHTPTTnW OF thf. SPECIFIC EMBODIMENTS 
Novel DNA sequences, constructs employing such 
sequences, plant cells containing such constructs, and 

30 plants containing such constructs, are provided, where the 
sequences are associated with elongation factor-la (EF-la) . 
In addition, a method is described for identifying the 
"genes for EF-la, since it is found that EF-la is a multi- 
gene family in plants. Plant EF-la is characterized by 

35 having a mRNA of about 1.5-2 kb, a molecular weight in the 
range of about 45-55 kd, and a PI of about 8.5 to 9.5. The 
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polypeptides encoded by plant EF-locs have substantial 
homology with the polypeptides encoded by EF-las from a 

wide variety of species . 

The transcriptional initiation regulatory region is 
5 found to provide regulation, where enhanced levels of EF-la 

are expressed in rapidly dividing tissue, while lower 
• levels are expressed in mature cells and tissue. An EF-la 
gene isolated may be used to regulate expression in 
transgenic plants. For example, a promoter derived from an 
10 EF-la gene has been shown to direct expression of a foreign 
gene in tomato and in tobacco plants. 

Significant levels of plant EF-la mRNA are found in 
substantially all tissues, e.g. young leaf, young root, 
mature leaf, mature root, green fruit, turning fruit and 
15 ripe fruit, generally ranging in values from 0.1 to. 1.0%, 
as evidenced with the experience in tomato. Levels of EF- 
la mRNA decrease in both the leaves and roots as they 

mature, and in fruit as it ripens. 

The plant EF-la sequence may be isolated from any 

20 convenient plant. When used in a construct, the EF-la 

sequence may be endogenous to the target host or exogenous 
to the target host. Plants from which EF-la may be 
isolated include fruit, vegetables, oil seeds, fiber 
sources, grasses, trees, flowers, grain, ornamentals and 

25 the like. Particular plants of interest include tomato, 
pea, tobacco, maize, soybean, Brassica., cotton, wheat, 

alfalfa, turf grass, and the like. 

The plant EF-la gene may be isolated by various 

techniques. These include isolating mRNA from a host 
30 organism which codes for the EF-la, reverse transcribing 
the mRNA, and using the resulting single-stranded (ss) DNA 
as a template to prepare double-stranded (ds) DNA and the 
ds DNA isolated. Among multi-gene families it is desirable 
to find the transcriptional initiation regulatory region 
35 which provides a high level of transcription. Thus, the 

transcriptional initiation regulatory region should provide 
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for at least about 10% of the total EF-la mRNA, preferably 
at least about 20%, and more preferably at least about 30%. 
This can be determined by employing two probes, one probe 
which is conserved and binds to all EF-la mRNA, and the 
5 other probe being in a polymorphic region of the EF-la 

locus which binds uniquely to the EF-la gene being assayed. 

The sequences provided in the experimental section may 
be used to identify plant EF-la genes from plant sources 
other than tomato. Particularly, by identifying sequences 
10 of the subject plant associated with the EF-la gene, which 
sequences are conserved in species other than plants, these 
conserved sequences may be used as probes for hybridization 
to cDNA obtained from a number of different plant sources. 
Usually, the sequence will have at least about 60%, 
15 preferably at least about 70%, identity of base pairs, 

excluding any deletions which may be present. Thus cDNA 
libraries may be prepared from the plant source of 
interest, and the probes used to identify cDNA sequences 
for EF— la. Conveniently, the target cDNA may be cloned in 
20 a virus, so that hybridizing phage may be plaque-purified. 
The identified cDNA's may be further sub-cloned and the 
sub-clone sequence analyzed and used for production of 
probes. The probes are then used to identify cDNA EF-la 
sequences in a cDNA library. The cDNA is used to identify 
25 genomic sequences in a plant genomic library of the 

appropriate plant species and the positive clones analyzed 
by restriction enzyme digestion. The level of 
transcription may then be determined in a variety of plant 
tissues to demonstrate the pattern of transcription in the 
30 plant. In this manner, one or more sequences may be 

identified providing both the coding region, as well as the 
transcriptional regulatory elements of the gene. 

The probes can be considerably shorter than the entire 
sequence, but should be at least about 10, preferably at 
35 least about 15, more preferably at least about 20 

nucleotides in length. Longer oligonucleotides are also 
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useful, up to the full length of the gene encoding the 
polypeptide of interest. Both DNA and RNA probes can be 
used. 

In use, the probes are typically labeled in a 
detectable manner (for example with 32 P _ labe iied or 
biotinylated nucleotides) and are incubated with single- 
stranded DNA or RNA from the organism in which a gene is 
being sought. Hybridization is detected by means of the 
label after single-stranded and double-stranded 
(hybridized) DNA or DNA/RNA have been separated, typically 
using nitrocellulose paper. Hybridization techniques 
suitable for use with oligonucleotides are well known to 
those skilled in the art. ■ 

Although probes are normally used with a detectable 
15 label that allows for easy identification, unlabeled 

oligonucleotides are also useful, both as precursors of 
labeled probes and for use in methods that provide for 
direct detection of DNA or DNA/RNA. Accordingly, the term 
"oligonucleotide" refers to both labeled and unlabeled 
20 forms. 

Once the 5'- and 3 ' -non-coding regions of the EF-1CC 
gene have been identified, they may be manipulated in 
accordance with conventional ways. Where a convenient 
restriction site is present downstream from the ATG 
25 initiation codon, it may be useful to cut at that site and 
insert a DNA sequence of interest for transcription under 
the regulatory central of the EF-1CC regulatory elements. 
Where the DNA sequence of interest is a structural gene, 
the sequence of interest will be inserted so as to be in 
reading frame with the upstream codons and the initiation 
methionine. Where the DNA is to be used as an anti-sense 
.sequence, it need not be in reading frame with the upstream 
codons . 

Usually, not more than 20 codons at the 5 '-end of the 
35 EF-1CC gene will be retained. Preferably, the sequence of 
interest will not be fused to the 5' -region of the EF-la 



30 
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gene but rather may be joined to the transcriptional 
initiation regulatory region of EF-lct in a variety of ways. 
One can cleave internal to the EF-lct gene and resect using 
Ba l31. By blunt-end ligation of the gene of interest to 
5 the various EF-lcc fragments, one can screen for expression 
of the gene of interest indicating that a functional 
transcription initiation region has been retained. To join 
a sequence, one may use the polymerase chain reaction where 
an oligonucleotide containing the sequence of interest 
10 hybridizes at one end with the terminal sequence of the EF- 
■ la transcriptional initiation regulatory region and/or 5'- 
untranslated region. By providing for replication using 
the polymerase chain reaction, dsDNA may be prepared for 
insertion into a vector which will have the EF-lcc 
15 transcriptional initiation regulatory region properly 
joined to all of, or the 5' -proximal portion of, the 
sequence of interest. 

Conveniently, one may identify a convenient 
restriction site in the 5 1 -untranslated region of EF-lcc and 
20 in the 5 1 region of the gene of interest and employ an 

adapter which will join the two sequences and restore the 
lost sequences from the 5 ' -untranslated region and the 5 1 
region of the gene of interest. Alternatively, one may 
introduce a polylinker immediately downstream from the 5 1 - 
25 untranslated region, for insertion of the DNA sequence of 
interest . 

The 5 1 -non-coding region which will be employed for 
joining to the sequence of interest will usually be at 
least about 100 bp, and not more than about 10 kbp, 

30 frequently being less than about 2kbp, and may include all 
or a portion of an intron (including the splice sites) . 
The 5 1 -non-coding region which is employed will be proximal 
to (usually within 20 bp) or abut the initiation codon. 
Therefore, by employing sequence analysis, one can identify 

35 the initiation codon of the EF-lOt gene and isolate the 
upstream region in accordance with conventional ways. 
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Where a particular cloned fragment in a genomic library 
does not have the desired size, the library may be further 
screened by walking the 5 ' -non-coding region until a 
fragment of the desired length is obtained. The 5 ' -non- 
5 coding region may then be cloned and sequenced and may then 
be used for further manipulation. As already indicated, in 
some instances, at least a fragment of the 5 ' -coding region 

may be retained. 

The EF-lOC transcriptional initiation regulatory region 

10 (promoter) may be inserted into a vector for preparing a 
construct for transcription and optionally translation. 
The 3' terminus of the EF-lcc promoter may be joined to a 
sequence of interest, which may be a structural gene or 
coding or noncoding sequence where anti-sense may be 
15 desired. A wide variety of genes are of interest for 
transcription and optionally translation in rapidly 
dividing cells. For example, tender shoots and tissue are 
particularly sensitive to stress. Stress may take the form 
of toxins, such as pesticides, or herbicides, temperature 
20 changes such as heat or cold, including ice formation, 

osmotic pressure as a result of salinity, drought, and the 
like. Stress may include attack by various organisms or 
susceptibility to disease, as evidenced by insects, 
nematodes, aphids, caterpillars, fungi, and the like. 
25 Growth may be modulated, either increased or decreased, 

depending upon the particular need. Anti-sense sequences 
may be used to reduce growth, for example, altering the 
auxin/ cytokinin ratio may be used to alter growth rate 
and/or morphology. By enhancing or diminishing the 
30 expression of an enzyme in the metabolic pathway for the 
hormone, the ratio may be modulated. 

For resistance to toxins, various genes may be 
employed which may be the target of the toxin, where a 
mutated gene is employed which is less sensitive or 
35 insensitive to the toxin. Alternatively, one can enhance 
the amount of the target protein, so as to reduce the 
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sensitivity of the plant cells to the toxin. For example, 
5-enolpyruvyl-2-phosphoshikimate synthase is the target for 
glyphosate ( aro A gene) . By providing for an &££A gene 
which is less sensitive to the herbicide and/or enhancing 
5 the level of the enzyme present in the cell, particularly 
in the chloroplast, herbicide-resistance may be achieved. 
Alternatively, a gene which provides for detoxification may 
be employed, such as a nitrilase which hydrolyzes the 
nitrile group of bromoxynil . Additional examples are the 
10 herbicide phosphinothricin which may be detoxified by 
phosphinothricin acetyltransf erase from gtr^otomycss 
hyaroscopicus ( bar qene) and acetolactate synthase which may 
be mutated to be resistant to various sulf anyl-urea 
herbicides . 

15 For insects or nematodes, there are naturally 

occurring toxins for the pest which may be provided as a 
gene for expression in the plant cells. For example a 
number of strains of Bacillus thurineriensis have relatively 
• broad spectrum toxicity to a number of different insects as 
20 a result of expression of a protein toxin. By providing 
for expression of the protein toxin in plant cells, 
particularly among rapidly dividing cells, these cells will 
be protected from attack by such insects . Protection may 
also be provided against nematodes and fungus, and root 
25 worm, e.g. corn root worms. 

For providing resistance to frost or heat, various 
genes may be employed, such as heat shock proteins, winter 
flounder antifreeze protein, etc. For stress tolerance 
such as salinity, Osm genes may be employed, such as genes 
30 associated with overproduction of proline. Additionally, 
stress tolerance may be provided by genes for superoxide 
dismutase . 

The auxin/cytokinin ratio may be modified by 
modulating genes on the metabolic pathway to protect 
35 growing cells or to change growth rate . Other DNA 
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sequences of interest in this regard include antisense EF- 
ia which may be used to modulate expression of EF-lCC. 

The EF-1CC promoter, being a strong promoter, may be 
used in place of other strong promoters conventionally 
5 employed, such as the 35S cauliflower mosaic virus 

promoter. The subject promoters may also find use for a 
specific selectable marker where the target for 
transformation and regeneration is merisystematic tissue 
e.g., for use with particle bombardment in cotton, soybean, 
10 etc. 

Depending upon the sequence of interest, the purpose 
of the transformation and the particular host, other 
sequences may be included which provide for specific 
functions. In some instances, it may be desirable to 
15 provide for translocation of the expression product from 
the cytoplasm to an organelle or for secretion. In this 
instance, various transit peptides may be employed for 
translocating the gene of interest to an organelle, such as 
' the chloroplast or mitochondrion, or to secrete the protein 
20 into the extracellular space or to the cell surface. 

Various transit peptides have been employed, such as the 
transit peptide of the small subunit of the WBISCQ gene, 
plant EPSP synthase, acyl carrier protein, and the like. 

In addition to the promoter and the structural gene, 
25 there will be a termination region, which may be the EF-loc 
termination region or any other convenient termination 
region. A wide variety of termination regions have been 
employed, such as termination regions from opine genes, 
various plant genes, and the like. The particular 
30 termination region will usually not be critical to this 
invention and any convenient region may be employed. 

The promoter, structural gene and transcriptional and 
translational termination region provide an expression 
construct which may be joined to a vector for cloning. At 
35 each stage of the preparation of the construct, the 

resulting product may be cloned and analyzed to insure that 
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the desired product has been obtained. Cloning vectors . . 
conveniently will have one or more markers, which will 
allow for detection of trans formants which contain the 
construct and marker. For the most part markers will 
5 provide for toxin resistance or impart prototrophy to an 
auxotrophic host. Toxin resistance for the most part will 
be antibiotic resistance, such as resistance to kanamycin 
and its analogs, e.g..G418, resistance to chloramphenicol, 
and the. like. For the most part cloning will be performed 
10 in £. coli , so that a replication system functional in £. 
aqli will be employed. 

Once the expression construct has been prepared and 
analyzed to insure it has the proper sequence, it may be 
then be used for introduction into a plant cell. Various 
15 techniques exist for introduction of DNA into plant cells, 
these techniques include h- 1-nmftf aciens mediated 
introduction, electroporation, protoplast fusion, 
injection, high velocity projectile introduction, and the 
like. The targets for introduction of the DNA may be 
20 tissue, particularly leaf tissue with twe^aciens,, 

disseminated cells, protoplast, seeds, embryo, meristematic 
regions, cotyledons, hypocotyls, and the like. 

With &. i-nfflp.faciens introduction, the construct will 
be further modified by having one or both T-DNA borders 
25 present, bordering the expression construct, particularly 
the right border. The construct may be introduced into A. 
tnmefaciens carrying the yir genes, where the T-DNA 
bordered expression construct will be introduced into plant 
cells infected with Mmefaciens. The plants which may 
30 be genetically modified include those plants described as 

the source of the EF-la gene. Thus, of particular interest 
are those crops associated with food sources, such as 
grain, vegetables and fruits, oil seed, sugar sources, 
forage, and legumes. 
35 Once the cells are transformed, transgenic cells may 

be selected by means of a marker associated with the 
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expression construct. The expression construct will 
usually be joined with a marker which will allow for 
selection of transformed plant cells, as against those 
cells which are not transformed. The marker will usually 
5 provide resistance to an antibiotic, which antibiotic is 
toxic to plant cells at a moderate concentration. 

After transformation, the plants cells may be grown in 
an appropriate medium. In the case of protoplasts the cell 
wall will be allowed to reform under appropriate osmotic 
10 conditions. In the case of seeds or embryos, an 

appropriate germination or callus initiation medium would 
be employed. For explants, an appropriate regeneration 
medium would be used. 

The callus which results from cells may be introduced 
15 into a nutrient medium which provides for the formation of 
shoots and roots and the resulting plantlets planted and 
allowed to grow to seed. During the growth, tissue may be 
harvested and screened for the presence of expression of 
the expression construct. After growth, the seed may be 
20 collected and replanted, or prior to seed formation, the 
modified plant may be used for fertilizing a different 
strain or vice versa, so as to provide for a hybrid plant. 
One or more generations may then be grown to establish that 
the gene is inherited in Mendelian fashion. 
25 Of particular interest is a gene associated with 

tomato, which has the amino acid and DNA sequence found in 
the Experimental section. The gene and its accompanying 
untranslated regions may be used in the anti-sense 
direction to inhibit expression in plant cells, so as to 
30 reduce growth. Thus, fragments of the gene and the 

untranslated regions of at least about 12 bp, usually at 
least about 20 bp may be employed to produce an mRNA which 
results in reduction in expression of the EF-lOt gene. 

The invention now being generally described, it will 
35 be more readily understood by reference to the following 
examples which are included for purposes of illustration 
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only and are not intended to limit the invention unless so 
stated. 

EXPERIMENTAL 
Example I 

5 EF-la cDNZV 

A. Materials and Methods 

1. Screening a Tomato cDNA Library for EF -la Clones 
A red, ripe tomato (Lycooersicon esgiAefltum cv 
"Caligrande") cDNA library in XgtlO (Sheehy, et al . , MqI,, 
10 ft<*n - Genet . (1987) 2M: 30-36) was screened for EF-la cDNAs . 
1 x 10 5 recombinant plaques of the \gtl0 library grown in 
E. coli strain C600 hflA150 (Hoyt, et al., Cell (1982) 
21:565-573) were transferred to GeneScreen Plus filters 
(New England Nuclear) denatured, and neutralized by a 
15 modification of the procedure of Benton and Davis, Science 
(1977) 196 : 180-182, as described in O'Neal et al., N\igl, T . 
Ar-ids Res . (1987) 15.: 8661-8 667) . The probe used was 
isolated from pMUEF-1 which contains the Mucor rfrCCTQgg. EF- 
la gene, TEF-1 (Linz, et al., tfol- Cell f B%qI f (1986) 
20 £:593-600. A 471 bp Cla l fragment from pMUEFl-2, which 
spans nucleotides 219 to 689 of TEF-1 (corresponding to 
amino acids 73 to 230) (Linz, et al . , (1986) JfiQl , CeU, 
Biol . , 1:1925-1932) was isolated and nick-translated as 
previously described (Shewmaker, et al . , Virology (1985) 
25 140.: 281-288) . Prehybridization, hybridization and washing 
of filters were done at a temperature of 33°C. 

Ten separate plaques corresponding to ten different 
positive signals were picked, replated, and rehybridized 
until all were plaque purified. The inserts on these ten 
30 clones were sized by EcoR I digestion. A clone with an 

approximately 1.7 kb insert, designated LeEF-1, was chosen 
for further analysis . The EsaRI fragment of LeEF-1 was 
subcloned into pUC19 (Yanisch-Perron et al., S^n$ (1985) 
33:103-119) yielding pCGN666. This EcoR I fragment was also 
35 cloned in both orientations into M13mpl9 yielding pCGN667 
and pCGN668, and into Bluescript M13+KS (Stratagene) , 
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yielding pCGN669 and pCGN670. These subclones were used 
for sequence analysis and generation of 35 S-RNA probes. 
The cDNA sequence of pCGN666 has been filed with the EMBO 
Gene Bank Data Library Postfach 10.2209, Meyerhof strasse 1, 
5 6900 Heidelberg, West Germany, on March 6, 1989. The file 
number is X1444 9. 



spmiPnr.i.na Analysis 

The cDNA in pCGN670 was sequenced in the 5 ! to 3 1 

10 direction using ExoIII-Sl nuclease nested deletions (S&Gl, 
BamHI double digested) (these deletions were made using the 
Promega Biotec Erase A-Base kit according to manufacturer's 
instructions). The dideoxy method (Sanger, et al . , PrPC, 
n^I . Acad- fir.i. USA (1977) 74:5463-5467 was used to 

15 sequence subclones from the deletion series. To overcome 
gaps not covered by the nested deletions, oligomers were 
synthesized (Applied Biosystems 380 A synthesizer, Foster 
City, CA) based on known sequences from the previously 
sequenced subclones. The oligomers served as primers for 

20 the pCGN667 template. For sequence confirmation, the EF-la 
cDNA was also sequenced in the 3' to 5' direction using the 
Sanger method on pCGN6 68 utilizing synthetic oligomer 
primers. To sequence the region nearest the polyA + tail in 
pCGN668, the Maxam-Gilbert method (Maxam and Gilbert, Froc . 

25 Naf.l. Acad- Sni. USA (1977) 24:560-564) was used, 

sequencing through the polyA + tail and a small distance 
beyond, to overlap with the previously obtained sequence. 

T.gnlation of RNA an d Northern Analysis 

30 Tissue from various anatomical parts and developmental 

stages of tomato cultivar UC82B was frozen in liquid 
nitrogen until needed for analysis. From mature three and 
a half month old green house grown tomato plants (UC82B) , 
the following tissue was taken: mature leaf, mature root, 

35 young leaf, green fruit, turning fruit, and red fruit 
(fruit ripening stages were determined from Color 
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Classification Requirements in Tomato, USDA Visual Aid TM- 
:1; Feb. 1975, The John Henry Co., P.O. Box 17099, Lansing, 
MI) . The entire compound leaf (stem included with 
leaflets) was harvested to isolate mature leaf RNA. Mature 
5 root RNA was isolated from the cleaned-up root ball. Young 
leaves were collected as axillary shoots (about five inches 
from base to top) . Tissue from young root was collected 
from one and one-half week old germinated seedlings of 
UC82B. Seeds were surface sterilized in a 0.1% sodium 

10 hypochlorite, 0.1% Tween 20 (Sigma Chemical Co.) solution 
for 15 minutes, rinsed in sterile, distilled water and 
germinated on moistened autoclaved germinating paper 
(Anchor Paper Co., St. Paul, MN) . 

Tomato total RNA was prepared -as described in Colbert, 

15 et al., Proc. Natl. Acad. Sni. USA (1983) fifl.: 2248-2252 with 
a slight modification (Facciotti, et al., Bio /Technology 
(1985) 1:241-24 6) . PolyA+ mRNA was isolated by oligodT 
cellulose column chromatography as described in Colbert, et 
al. (1983) supra ; Maniatis, et al., Molecular Cloning: A 

20 Laboratory Manvfll/ Cold Spring Harbor, New York (1982) . 

Northern analysis using nick-translated probes was 
performed as described (Facciotti, et al., supra ) . When 
oiignoucleotides were used as probes for Northern analysis, 
the procedure was performed as described in O'Neal, et al., 

25 Nucl. Acids Res . (1987) 1£: 8661-8 667, except that the final 
washes were with O.SxSSC, 0.1% SDS at 45°C, for 2 x 15 min. 

DNA Isolation and Southern Analysis 

Bacteriophage DNA was isolated from crude cell lysates 
30 with the Lambda Sorb (Promega Biotech) phage absorbent 

using the manuf actuer 1 s protocol. Tomato genomic DNA was 
isolated by the CTAB (cetyltrimethlammonium bromide) 
procedure (Taylor and Powell, Focus (1982) 4.: 4-6). 

Southern analysis was performed as described in Shewmaker, 
35 et al., (1985), supra . 
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tti THt-ro translation ana lysis 

Poly(A + ) mRNA was isolated from the fruit of cultivar 
"UC 82B" by the method of Sheehy, et al., MqI, Genet G5P5t , 
(1987) 2M:30-3 6. Approximately 0.5 |Xg of polyA+ RNA was 
5 translated in a reticulocyte lysate (Promega Biotech) as 
described by the manufacturer. 35 S-methionine-labelled 
translation products were precipitated with five volumes of 
acetone and collected by centrif ugation . Samples were 
subjected to nonequilibrium two-dimensional gel 
10 electrophoresis as described by Garcia, et al., J T Sect f 
(1980) 142:196-201. 

35 s-RNA Probe Generation 

Sense and antisense 35 S-RNA probes were generated from 

15 pCGN669 and pCGN670 respectively using T3 polymerase an an 
in vitro transcription reaction. These plasmids were 
linearized at a unique B^mHI site within the Bluescript 
polylinker. DNA was purified after B^mHI digestion by 
extracting with phenol twice and phenol/chlorof orm/isoamyl 

20 alcohol (25:24:1) once. The extracted DNA was then ethanol 
precipitated and was resuspended in sterile water at a 
concentration of 2|lg/p.l. In an RNase-free microfuge tube, 
the following were mixed in the order given: 2|ll 5X 
transcription buffer (200 mM Tris, pH7.5, 30 mM MgCl2, 10 

25 mM spermidine), 0.5 [11 100 mM DTT, 0.5 |ll RNase inhibitor 
(RNasin) (25 U/(ll, Promega Biotech), 2|ll 10X rNTPs (2,5 mM 
GTP, 2.5 mM ATP, 2,5 mM CTP, 75 p.M UTP), 4 . 5 Jll (X- 35 S-UTP 
(10 |lCi/|ll, New England Nuclear), 0.5 |il DNA (2 p.g/^1) , and 
0.5 (11 T3 polymerase (50 U/jll, Stratagene) . After careful 

30 mixing, the reaction mixture was incubated at 37°C for one 
hour. After one hour, 0.5 (11 RNasin (25 U/p.1, Promega 
Biotech) and 0 . 5 |Il RQ1 DNAse (1 U/Jil, Promega Biotech) 
were added and the reaction incubated for an additional 10 
minutes. The reaction was stopped by the addition of 1 |il 

35 250 mM EDTA, pH 7.0. Unincorporated ribonucleotide 
triphosphates were separated from RNA transcripts by 
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Sephadex G-75 gel filtration chromotagraphy . Both pCGN669 
and pCGN670 had labeled peaks of approximately 4.0 X 10 8 
cpm/[lg RNA. 

5 In situ RNA Hybr idization 

Root tips from one and one-half week old tomato 
seedlings were fixed in a 4% paraformaldehyde/phosphate 
buffered saline (PBS) /5mM MgCl2 solution, pH 7.4 (PBS is 10 
mM pH 7,4 phosphate buffer, made to 150 mM NaCl) (Singer, 
10 et al,, ftiotenhdnicrues (1985) £:230-250). Tissue was fixed 
overnight. After fixation, the tissue was passed through a 
graded tertiary butyl alcohol (TBA) series starting at 50% 
TBA, infiltrated with Paraplast and cast into paraffin 
blocks for sectioning, (Berlyn and Miksche (1976) Bptftnciel, 
15 Microtechnique and Cytochemistry , State University Press, 
Ames, Iowa) . Embedded root tips were sectioned 
longitudinally on a Reichert Histostat rotary microtome at 
4 |1M to achieve a one-cell layer thickness. Paraffin 
ribbons holding 7-10 root tip sections were affixed to 
20 gelatin-chrom alum subbed slides (Berlyn and Miksche 

(1976), supra ) and held in a dust-free box until in situ 
hybridizations were performed. Slides ready to be 
hybridized were deparaf f inized in xylene and rehydrated by 
passing- through an ethanol hydration series as described in 
25 Singer, et al . , Biotechnioues (1986) 4:230-250. 

A 2X hybridization mix was made consisting of 100 |ll 
20X SSC, 20 \il 10% BSA, 100 JXl 750 mM DDT, 200 \il 50% 
dextran sulfate, 50 (il RNasin, and 30 |ll sterile water. 
2.5 \il tRNA (20 mg/ml) , 2.5 [il salmon sperm DNA (10 mg per 
30 ml) and 4 X 10 6 cpm probe were dried down on a lyophilizer. 
This mix was then resuspended in 25 H-l 90°C formamide and 
25 |I1 2X hybridization mix per slide. 40 \ll of this 
hybridization mix was placed on each slide. A cover slip 
was placed over the sections and edges sealed with rubber 
35 cement. Slides were placed in slide holders inside a glass 
slide box, covered, and placed in a 37°C dry oven overnight 
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to hybridize. Posthybridization treatments were as 
described in Singer, et ai . , (1986), supra .. 

Autoradiography was performed as described in Kodafc 
v„i-»TH»i 3 ™<i*+ Mirro^one (1986) (available from 

Kodak), using Kodak liquid emulsion NTB-3 . Slides were 
exposed in a light box for approximately two weeks. After 
developing the autoradiographic slides, root sections were 
stained in 0.05% toluidine blue and then dehydrated through 
a graded alcohol series: xylene: 100% ethanol, 1:1, 
followed by 2 changes 100% xylene. Slides were left for 
five minutes in each solution. Covers lips were mounted 
with cytoseal (VWR) and left on a slide warmer until dry 
(45-50°C, 1-2 days) . Autoradiographic slides were then 
ready for microscopic examination and photomicrography. 



B . Results 

To isolate a tomato EF-lcc cDNA clone, a fragment from 
a Mucor racsmosa EF-lo cDNA clone was used (Linz and 
Sypherd, m„i r^ii Biol. (1987) 1:1925-1932). Preliminary 
analysis using this probe to tomato RNA indicated that 
under the conditions used, the Mujsfir probe hybridized 
solely to a bind of approximately 1.8kb. This agrees with 
the size reported for other EF-lCt cDNA RNA's (Nagata, et 
al., F.MBO J. (1984) 2:1825-1830; Linz et al., Mol , CeU 
25 Biol. (1986) £: 593-600), and is within the expected size 
range of the protein (45-55kd) . 

The clone containing the largest insert of 1.7kb, 
hereinafter termed LeEF-1, was chosen for further analysis. 

LeEF-1 contains 60 nucleotides upstream of the ATG, a 
1344 nucleotide (448 amino acids) coding region and 284 
nucleotides of 3 ' -untranslated region. In the 5'- 
untranslated region there are two in-frame stop codons . 
In-frame stop codons are also found in the 5' untranslated, 
regions of other EF-10C genes. In the LeEF-1, an adenine 
residue is at the -3 position and a guanine residue is at 
the +4 position relative to the start AUG codon . This 
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nucleic acid sequence surrounding the initiator codon 
displays the consensus signal for efficient translation 
initiation. The complete sequence of LeEF-1 is shown in 
Figure 1. 

5 Amino acid sequence comparisons between the 

polypeptides encoded by tomato EF-la gene, LeEF-1 and an 
EF-lCt gene from Mucor , as well as Art£ai&, yeast, and man 
show substantial homology. The LeEF-1 gene product is 76% 
homologous to that of yeast and Mucor ; 75% homologous to 

10 that of Artemia ; and 78% homologous to that of man. 

As shown in Figure 2, one notable difference between 
LeEF-1 and the four other eukaryotic EF-lCX's is that a 12 
amino acid gap must be introduced between amino acids 213 
and 214 of the protein encoded by LeEF-1 to provide maximum 

15 homology to the other eukaryotic EF-lcc gene products. The 
homology between the polypeptides encoded by the four other 
eukaryotic EF-lcc genes in this gap region ranges from 29% 

to 64% and no specific function has been previously 
assigned to this region. 

20 

EF-la Is A Multiaene Family In Tomato 

To determine if EF-la in tomato was encoded by one or 
multiple genes r Southern blot analysis was performed. When 
tomato DNA restricted with E^aRI was hybridized to LeEF-1 , 
25 at least six distinct bands were seen. This indicated that 
EF-la is probably a multigene family. This was verified by 
screening a tomato genomic library for EF-la clones. Six 
distinct clones obtained from this screen were restricted 
with EcoR I and hybridized to LeEF-1. These six distinct 
30 clones represent four of the bands seen on the genomic 

Southern blot. The Eco RI fragment from one of these clones 
(61-1) was subcloned and shown to contain an entire EF-la 
gene (see Example II) . While it is clear that EF-la in 
tomato is a multigene family, the exact size of the family 
35 remains to be determined. 
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p.p-ltt Ts Exprp^-^d In Rapidly Growing TisSVS 

Various tomato mRNA's were run on a Northern gel and 
hybridized against the tomato EF-la cDNA. Specifically, 
the probe was the 1.7 kb SgsRI fragment from pCGN666 which 
5 had been labelled by nick-translation. Tissues chosen for 
analysis were young leaf, young root, mature leaf, mature 
root, green tomato fruit, turning tomato fruit, and red 
ripe tomato fruit. Significant levels of EF-1CC mRNA were 
found in all tissues examined with values ranging from 0.1 
10 to 1.0% of total mRNA. Levels of EF-la mRNA decreased in 
both the leaves and roots as they matured and in the fruit 

as it ripened. 

The expression pattern of EF-la was further examined 

in vitro translation. Poiy(A + ) RNA from green and red 
15 (mature) tomato fruit was isolated, translated and 

subjected to 2-D gen analysis. The EF-la protein is easily 
identifiable because of its molecular weight (50,000 
daltons) and its high pi of around 9. While EF-la protein 
is produced from mRNA of both green and red fruit, more is 
20 produced by the RNA from younger green fruit. These data, 
taken together with the Northern analysis, indicate that 
EF-la is a highly expressed protein in tomato and that this 
expression is greater in young, rapidly growing tissue than 
in older, more mature tissue. 

25 

5. Localization of E F -1 et. RNA To Meristemat ic Regions <?f 
T^e Rppt Tip 

To further characterize the expression pattern of EF- 
la, in situ hybridizations were performed. In root tips 

30 there are well-defined meristematic regions that are 

associated with active cell division as well as regions 
associated with cell elongation (Raven, et al., Biology °f 
Plants (1976); Essau, Anatomy of Sped Plants (1977); 
Galston, et al . , Tha Life o f Thg Green Plant (1980)). When 

35 4-mm root tips from young tomato plants were hybridized to 
sense and antisense 35s-EF-la RNA ' the antisense 
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transcripts hybridized to distinct regions of the root 
tips, while the sense transcripts (negative control) showed 
no hybridization. More hybridization was seen in the first 
1 to 2 mm of the root tip, which corresponds to the region 
5 of cell division, than in the tissue further up the root 
tip, known as the region of cell elongation. Strong, 
defined hybridization was seen in the three primary 
meristems : protoderm, ground meristem, and procambrium, as 
well as in the apical meristem. The three meristems in a 

10 root give rise to the epidermis, cortex and primary 

vascular tissue respectively. Thus, within a root tip, the 
highest levels of EF-la mRNA were found in meristematic or 
rapidly dividing cells. In summation, these in g itv 
results corroborated the Northern data to demonstrate, that 

15 EF-la mRNA in tomato is particularly abundant in actively 

dividing cells . 

Example II 
ISOLATION AND CHARACTER T 7, AT TON OF AN 
20 EF-la GEN OMTC CLONE 61-1 

A. Materials and Methods 

1 . Screening a tomato geno mic library for EF-la 

rr^pnmi c clones . 

A tomato ( Lycot?ersicon P.^ulentum cv 'TS') 
partial Eco RI genomic library was provided by Dr. Robert 
Goldberg, UCLA. This library was screened for EF-la genes 
using the nick-translated tomato cDNA, LeEF-1 as a probe. 
Approximately eight tomato genome equivalents in 800,000 
plaques of the Charon4 phage in £L*. coli host LE392 (F~ 
hsdR514 supE44 supF58 lacYl or lac(l-Y6 galK2 galT22 metBl 
trpR55 9k~) were screened. DNA was transferred to Gene 
Screen Plus filters as described in Example I for screening 
the tomato cDNA. Prehybridization, hybridization r and 
washing of filters were as described in Shewmaker, et al. 
(1985), supra ^ . Filters were prehybridized and hybridized 
at 42°C and washed at 55°C. A number of positive plaques 
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were picked and replated until plaque purified. The tomato 
inserts in positive clones were sized by EsaRI digestion. 

2. TfnlaH.nr- mappin g and sequencing of an EF-ltt 

5 rrpnotnin pJ rmP (61-1) from tomato- 

a. rnnsf.ruet inn of PCGN2123. 

One EF-10C lambda clone (61-1) containing a 
5.6 kb ficoRI fragment that hybridized to LeEF-1 was chosen 
for further analysis. DNA from 61-1 was prepared using a 

10 Lambda Sorb kit (Promega Biotech) according to 

manufacturer's instructions. The 5.6 kb E<so_RI piece was 
subcloned into pUC19 yielding pCGN2123 . Using standard 
mapping techniques (Maniatis, et al . , (1982) Molecular 
rinnina. a Laboratory Manual , Cold Spring Harbor, N.Y.), 

15 the approximately 2 kb EF-10C gene was located within the 
5.6 kb fragment. The coding region plus approximately 800 
bp 5' of the start codon and approximately 1200 bp 3' of 
the stop codon were sequenced. Sequence analysis was 
performed using standard techniques, similar to those 

20 described for the sequencing of LeEF-1. 

3. Construct ion of B inary Pla.smid PCGN783 

pCGN783 is a binary plasmid containing the left 
and right T— DNA borders of h. fnmef acien? (Currier and 

25 Nester, .7 Raoterial , (1976), 126:157-165); the gentamicin 
resistance gene of pPHUI (Hirsch, et al . , Plasmid . (1984) 
12.: 139-141) ; the 35S promoter of cauliflower mosaic virus 
(CaMV) (Gardner, et al . , Nucleic Acids Res, (1981) 1:2871- 
2888) ; the kanamycin resistance gene of Tn5 (Jorgenson et 

30 al., MoT r^n. Genet. , (1979) 177; 65-) ; and the 3' region 
from transcript 7 of pTiA6 (Currier and Nester (1976), 
sjipxa) • PCGN783 was constructed by the multistep process 
described below. pCGN783 has been deposited with the 
American Type Culture Collection (ATCC 67 868) . 
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nnnfit.ruction of PCGN4 51 

pCGN451 contains the ocs5 ! -ocs3 f cassette cloned into 
a derivative of pUC8 (Vieira and Messing, fisnS/ (1982), 
5 12.: 259-268) . The modified vector was derived by digesting 
pUC8 with Hind i and ligating in the presence synthetic 
linker DNA, creating pCGN416, and then deleting the E£o_RI 
site of pCGN416 by EcoR I digestion followed by treatment 
with Klenow enzyme and self ligation to create pCGN426. 

10 The ocsS'-ocsS* cassette was created by a series of 

steps from DNA derived from the octapine Ti-plasmid pTiA6 
(Currier and Nest er, J. Bact . (1976) 12£: 157-165) . An 
E£o_RI fragment of pTiA6 (bp 13362-16202; the numbering is 
by Barker, et al., ^l^t mol. Biol. (1983) 2:335-350), for 

15 the closely related Ti plasmid pTil5955) was removed from 
pVK232 (Knauf and Nester, Plasmid (1982) &:45) by E£o_RI 
digestion and cloned into E^oRI digested pACYC184 (Chang 
and Cohen, J.Bacterlol. (1978) 124:1141-1156) to generate 
pCGNIS . 

20 The 2.4 kb. B^mHI-Ec^RI fragment (bp 13774-16202) of 

pCGNIS was cloned into EcoR I — BamH I digested pBR322 
(Bolivar, et al . , Gene (1977) 2:95-113) to yield pCGN429. 
The 412 bp EcoRI-BamHI fragment (bpl33 62-1377 4) of pCGNIS 
was cloned into EcoR I-BamHI digested pBR3322 (Bolivar, 

25 al;, Gene (1977) 2:95-113) to yield pCGN4 07 . The cut-down 
promoter fragment was obtained by digesting pCGN407 with 
Xmn I (bp 13512) , followed by resection with B&131 
exonuclease, ligation of synthetic EcoR I linkers, and 
digestion with B&mHI . Resulting fragments of approximately 

30 130 bp were gel purified and cloned into M13mp9 (Vieira and 
Messing, Gene (1982) 11:259-268 and sequenced. A clone, I- 
4, in which the EcoR I linker had been inserted at bp 13642 
between the transcription initiation point and the 
translation initiation codon was identified by comparison 

35 with the sequence of de Greve et al (de Greve, &L-r JL. 
Mol. Apol. Genet. (1982) 1:499-512) . The EcoRI cleavage 
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site was at position 13639, downstream from the mRNA start 
site. The 141 by ££0_RI-MmHI fragment of 1-4, containing 
the cut -down promoter, was cloned into Ecj^R I -EsffiH I digested 
P BR322 (Bolivar, et al., fiene. (1977) 2:95-113) to create 
5 pCGN428. The 141 bp E£O.RI-EamHI promoter piece from 
PCGN428, and the 2.5 kb E£O.RI-BamHI ocs 5' piece from 
pCGN42 9 were cloned together into E£o_RI digested pUC9 
(Vieira and Messing, £e_ae. (1982) 12:259-268) to generate 
pCGN442, reconstructing the ocs upstream region with a cut- 

10 down promoter section. 

The Hind.HI fragment of pLB41 (D . Figurski) containing 
the gentamicin resistance gene was cloned into fiindlll 
digested P ACYC184 (Chang and Cohen, .T , ftqcteriQl. (1978) 
13J.: 1141-1156) to create pCGN413b. The 4.7 kb BamHI 
15 fragment of pTiA6 (Currier and Nester, J, Bact, (1976) 

12£: 157-165) containing the ocs 3' region, was cloned into 
BamHI digested pBR325 (F. bolivar, Qsns. (1978) ±: 121-136) 
to create 33c-19. The £mal site a position 11207 of 33c-19 
was converted to an XllQl site using a synthetic Xhfil 
20 linker, generating pCGN401.2. The 3.8 kb BjimHI-Ej20_RI 

fragment of pCGN401.2 was cloned into fiajuHI-SsaRI digested 
pCGN413b to create pCGN419. 

The ocs5 ' -ocs3 1 cassette was generated by cloning the 
2.64 kb EcoRI fragment of pCGN442, containing the 5' 
25 region, into E<2£RI digested P CGN419 to create pCGN446. The 
3.1 kb Xho l fragment of pCGN446, having the ocs 5' region 
(bp 13639-15208) and ocs 3' region (bp 11207-12823), was 
cloned into the >&o_I site of pCGN426 to create pCGN451. 

30 nnnsf T-nctjop of pC.GKSBl 

PCGN587 was prepared as follows: The Hiasilll-Smal 
fragment of Tn5 containing the entire structural gene for 
APH3*II (Jorgensen, et al., MoT . Rsn. Genet ■ (1979) 122:65- 
) was cloned into Hind lll-Smal digested pUC8 (Vieira and 
35 Messing, Gene (1982) 12:259-268). This converted the 

fragment into a iiinjilll-EsoRI fragment, since there was an 



WO 90/02172 



PCI7.US89/03536 



26 



BcoRI site immediately adjacent to the MI site. The 
EStl-EcoJRI fragment of pCGN300, containing the 3 1 -portion 
of the APH3 f II gene, was then combined with an Es&RI-fisffiHI- 
Sail-Eatl linker into the E££>RI site of pUC7 to make 
5 pCGN546W. An ATG codon was upstream from and out of 
reading frame with the ATG initiation codon of APH3'II. 
The undersired ATG was avoided by inserting a 331l3A-P££I 
fragment from the 5 '-end of APH3'II, which fragment lacks 
the superfluous ATG, into the MmHI-P^tl site of pCGN546W 
10 to provide plasmid pCGN550 . The E£&RI fragment of pCGNSSO 
containing the APH3 T II-gene was then cloned into the E££>RI 
site of pUC8-pUC13-cm (K. Buckley, Ph.D. Thesis, UC San 
Diego, (1985)) to give pCGN551. The plasmid pCGN451 having 
the ocs 5' and ocs 3' in the proper orientation was 
15 digested with E^RI and the E^RI fragment from pCGN551 
containing the intact kanamycin resistance gene inserted 
into the EcoRI site to provide pCGN552 having the kanamycin 
resistance gene in the proper orientation. This ocs/KAN 
gene was used to provide a selectable marker for the trans 
20 type binary vector pCGN587. 

The 5 ! portion of the engineered octopine synthase 
promoter cassette consisted of pTiA6 DNA from the Xk£l site 
at bp 15208-13644 (Barker, et al., PI flirt MQli gi<?l- (1983) 
2:335-350), and also contains the T-DNA boundary sequence 
25 (border) implicated in T-DNA transfer. In the plasmid 
pCGN587, the ocs/KAN gene from pCGN552 provided a 
selectable marker as well as the right, border. The left 
boundary region was first cloned in M13mp9 as a Hindi II- 
Sma l piece (pCGN502) base pairs 602-2212 and recloned as a 
30 Kpnl-EcoRI fragment in pCGN565 (a cloning vector containing 
vector based upon pUC8-cm but containing pUC18 linkers) to 
provide pCGN580. pCGN565 is a cloning vector based on a 
pUC8-pUC13-cm (K. Buckley (1985), gupra) but containing 
pUC18 linkers ( Yanisch-Perron, et al., (1985) !!:103- 

35 119) pCGN580 was linearized with gaffiHI and used to replace 
the smaller Bgl ll fragment of pVCK102 (Knauf and Nester, 
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PTuwnid (1982) 8.: AS), creating P CGN585. By replacing the 
smaller Sail fragment of P CGN585 with the Zkfil fragment 
from pCGN552 containing the ocs/KAN gene, P CGN587 was 
obtained. 

5 

mn^md-i^ of P CGN73 9 (Binary Vector) 

To obtain the gentamicin resistance marker, the 
gentamicin-resistance gene was isolated from a 3.1 kb 
E£Q*I-ES£I fragment of pPHIJl (Hirsch, et al . , (1984), 

10 supra ) and cloned into P UC9 (Vieira and Messing, Qsns. 

(1982) 11:259-268) yielding pCGN549. The HindTII-BsmHI 
fragment from pCGN54 9 containing the gentamicin-resistance 
gene replaced the Hindlll-Bfllll fragment of pCGN587, 
creating P CGN594. The pCGN594 aindlll-flamHI region, which 

15 contains a 5 ' -ocs-kanamycin-ocs-3 1 (ocs is octopine 

synthase with 5' designating the promoter region and 3' the 
terminator region, see co-pending U.S. application serial 
no. 834,161, filed February 26, 1986) fragment was replaced 
with the Hinjilll-BaraHI polylinker region from pUC18 

20 (Yanish-Peron, et al, Gene (1985) 21:103-119) to make 
PCGN739. 

rnnstmntio n r>f oCGN734 

The flindlll-SEliI fragment of pTiA6 corresponding to 

25 bases 3390-3241 (Barker, et al . , Pi apt Mol . Ptol. (1983) 

2:335-350) was cloned into the aindlll-SBW site of M13mpl9 
(Yanisch-Perron, et al., Gens (1985) £2:103-119; Norrander, 
et al., Gene (1983) 2£: 101-106) . Using an oligonucleotide 
corresponding to bases 3287 to 3300, DNA synthesis was 

30 primed from this template. Following SI nuclease treatment 
and fiind.UI digestion, the resulting fragment was cloned in 
the JLLndlXI-Smal site of pUC19 (Yanisch-Perron, et al., 
Gene (1985) 22:103-119). (This resulted in an intermediate 
plasmid that should be named?) An F^RI-Hin<dIII fragment 

35 corresponding to bases 3287-3390 (Barker, et al . , Pliant 
mni . Biol. (1983) 2:335-350) was cloned with the ECG&I- 
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Hind lll fragment of pTiA6 (corresponding to bases 3390- 
4494) into the E£&RI site of pUC8 Vieira and Messing, Gene, 

(1982) l£:259-268) resulting in pCGN734. 

5 Construct ion of oCGN72 6c 

pCGN556 contains the EfiaRI-Himilll linker of pUC18 
(Yanisch-Perron, et al., Gene (1985) 22: 103-119) inserted 
into the EcoRI-Hindlll sites of pUC13-cm (K. Buckley 
(1985), supra ) . The Hind lll- Bal ll fragment of pNW31c-8,29- 
10 1 (Thomashow, et al., Cell (1980) 11:729-739) containing 
ORF1 and 2 of pTiA6 (Barker, et al . , Plflflt WqI, Biol, 

(1983) 2: 335-350) was subcloned into the HMHI-MnHI 
sites of pCGN556 producing pCGN703. 

The Sau 3A fragment of pCGN703 containing the 3 1 region 
15 of transcript 7 (corresponding to bases 2396-2920 of pTiA6 
(Barker, et al., (1983) supra ) was subcloned into the BsffiHI 
site of pUC18 producing pCGN709. The EsgRI-Sm^I polylinker 
region of pCGN7 0 9 was replaced with the EcoRI-$ma,I fragment 
of pCGN587, which contains the kanamycin resistance gene 
20 (APH3-I1) producing pCGN72 6. 

The Eco RI- Sal l fragment of pCGN72 6 plus the BslII- 
EcoR I fragment of pCGN734 were inserted into the BamHI-£alI 
site of pUC8-pUC13-cm (chloramphenicol resistant, K. 
Buckely, (1985), supra ) producing pCGN7 38 pCGN726c was 
25 derived from pCGN738 by deleting the 900 bp E£&RI-££oRI 
fragment . 

Construction of PCGN5 28 (Shuttle Vector) 

pCGN525 was made by digesting a plasmid containing Tn5 

30 which harbors a kanamycin gene (Jorgenson, et al., Mo 3, , 

Gen . Genet . (1979) 177 : 65) with Hjjidlll-MinHI and inserting 
the Hind lll- Bam HI fragment containing the kanamycin gene 
into the Hind lll-BamHI sites into the tetracycline gene of 
PACYC184 (Chang and Cohen, J. Bacteriol . (1978) 12±:1141- 

35 115 6) . pCGN52 6 was made by inserting the B&mHI fragment 19 
of pTiA6 (Thomashow, et ai., Cell (1980) 11:729-739), 
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modified with XJ10J linkers inserted into the Sm&I site, 
into the fiamfll site of pCGN525. pCGN528 was obtained by 
deleting the small Xbfil fragment from pCGN526 by digesting 
with Xho l and religating. 

5 

mn^rnrHon of PCGN167 

The AiliI fragment of CaMV (bp 7144-7735) (Gardner, et 
al., wnni . Arid Res. (1981) 1:2871-2888) was obtained by 
digestion with Ajjil . It was then cloned into the Hindi 
10 site of M13mp7 (Messing, et al., Nnrl . Acids Res , (1981) 
1:309-321) to create C614 . An IsqRI digest of C614 
produced the Ecj^RI fragment from C614 containing the 35S 
promoter which was cloned into the E£c.RI site of pUC8 
(Vieira and Messing, £gne, (1982) 11:259-268) to produce 
15 pCGN146. To trim the promoter region, the Bglll site (bp 
7670) was treated with Ealll and resected with BaJL31. 
Subsequently a Ball I linker was attached to the fi&131 
treated DNA to produce pCGN147 . 

pCGN148a, containing a promoter region, selectable 
20 marker (KAN with 2 ATG's) and 3' region, was prepared by 

digesting pCGN528 with Ball I. and inserting the BamHI-aglll 
promoter fragment from pCGN147. This fragment was cloned 
into the BolII site of pCGN528 so that the fialU site was 
proximal to the kanamycin gene of pCGN528. 
25 pCGN14 9a was made by cloning the BajnHI-kanamycin gene 

fragment from pMB9KanXXI into the SajnHI site of pCGN148a. 
pMB9KanXXI is a pUC4 variant (Vieira and Messing, £sos. 
(1982) 11:259-268) which has the 2a&I site missing but 
contains a functional kanamycin gene from Tn903 to allow 
30 for efficient selection in Agrobacterium. pCGN149a was 
digested with Ball I and SOW- This sma11 EalH-SEll 1 
fragment of pCGN149a was replaced with the BajsHI-SjahJ 
fragment from MI (see below) isolated by digestion with. 
SajnHI and Sph I . This produces pCGNl67, a construct 
35 containing a full length CaMV promoter., lATG-kanamycin 
gene, 3' end and the bacterial TN903-type kanamycin gene. 
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MI is an EcoRI fragment from pCGN550 (see construction of 
PCGN587) and was cloned into the Eco_RI cloning site of 
Ml3m P 9 so that the Esil site in the lATG-kanamycin gene was 
proximal to the polylinker region of Ml3mp9. 

5 

r^^ r ^nf\nn of r>rr,M7fific HSS prompt e r-3 ' recrjgn) 

The HjprtTTT-BamHI fragment of pCGN167 containing the 
CaMV-35S promoter, lATG-kanamycin gene and the EsmHI- 
fragment 19 of pTiA6 was cloned into the aamHI-Hilld.111 

10 sites of P UC19 ( Yanisch-Perron (1985), supra .) creating 

pCGN976. The 35S promoter and 3' region from transcript 7 
was developed by inserting a 0.7 kb ain£III-££O.RI fragment 
of pCGN97 6 (35S promoter) and the 0.5 kb E£o_RI-£aiiI 
fragment of pCGN709 (transcript 7:3') into the Hindlll-fiall 

15 sites of pCGN566 (pCGN566 contains the E£oRI-Hin.dIII linker 
of pUC18 inserted into the E&aRI-fiiadlll sites of pUC13-Cm) 
creating pCGN7 66c. 

Final Const ruction of PCGN783. 

20 The 0.7 kb Hin.dIII-££oRI fragment of pCGN7 66c (CaMV- 

35S promoter) was ligated to the 1.5 kb Eso_RI-5alI fragment 
of pCGN726c ( 1 ATG-Kan 3' region) followed by insertion into 
the SiadHI-SsJLI fragment of pCGN778 containing the CaMV- 
35S promoter and 1ATG-KAN-3 • region was used to replace the 

25 Hiadlll-Sail linker region of pCGN739 to produce pCGN783. 

4. r.nnat.tnet<nn nf P C nM?1?S. an F,F-la GUS Fusion 
Construct 

To analyze the expression of 61-1 when re- 
30 introduced into tomato plants, the GUS (p-glucuronidase, £. 
coli ) gene was inserted into the coding region of 61-1. 
The fusion was done so that the GUS coding region was in- 
frame with the EF-loc sequence so that a protein with GUS 

activity could be produced. 
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a. Pnnsl-.rucM on of PCGN2125. 
To construct pCGN1804, the approximately 2 kb 
BamHI-Sfltl fragment from P BI221 containing the GUS gene 
(Jefferson, >i»nt MoT . B j^ Barter (1987) £:387-405) was 
5 cloned into pUC119. To construct pCGN2124, pCGN2123 (see 
Example II A. 2. a.) was linearized with £la.I, and treated 
with the Klenow fragment of DNA polymerase I to blunt the 
ends. The resulting DNA was ligated to the fismHI-££0_RI 
fragment of pCGN1804, containing the GUS gene, which had 

10 also been treated with the Klenow fragment of DNA 

polymerase. A clone, pCGN2124, was chosen that had this 
fragment inserted in the correct orientation. The 
£la.I/BamHI junction between EF-la and GUS was sequenced to 
verify that the GUS insertion was in-frame with the EF-la 

15 coding region. The fusion contained the first 34 amino 

acids of EF-la from 61-1 and 8 amino acids of linker region 

followed by the GUS gene. 

To facilitate transfer to tomato plants, pCGN2124 was 
inserted into the ^mharterium 1-umef acjens binary vector, 

20 pCGN783 (see above) . pCGN2124 was linearized with Sail and 
inserted into the Sail site of pCGN783 (suBTA) . A clone, 
pCGN2125, with the EF-la GUS gene being transcribed in the 
same direction as the 35S-kan-tml gene was obtained. This 
construct in the tm-nhad-.erium tumefaciens LBA4404 (also 

25 referred to as 27 60) was used to transform tomato plants. 

5. Pnn struct inn of pC r,N7001 (mas-mia-mas construct) 
To evaluate levels of GUS produced from pCGN2125 
in tomato plants, tomato plants containing a mas-gus-mas 
construct (pCGN7001) were generated. The mas (mannopine 
30 synthase promoter) has been previously studied and shown to 
give a relatively low level of expression (Murai and Kemp, 
Ki,n Afitris Res. (1982) iO.: 1679-1689) . 

To construct pCGN7001, a 5' mas-gus-mas 3' sequence 
was inserted into the Sail site of pCGN783. The 5« mas- 
35 gus-mas 3' construct contained sequentially the following 
sequences: flia linker; the m&I to blunted £lal fragment 
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of the T-DNA of pTiA6 which spans the nucleotides 20806 to 
20128 (the numbering is by Barker, et al., plant MQl, PipJ-. 
(1983) 2:335-350 for the closely related Ti plasmid pTi 
15955); the Acc I to E^ffiHI linker region of pUC19; the fiamHI 
5 to Sst I fragment of pCGN1804 containing the p-glucuronidase 
gene; the Sst I to ffcoR I linker region of pUC19; £££tRI 
linker; the blunted Hindi 1 1 to blunted SstI fragment of 
P TiA6 which spans the nucleotides 19239 to 184 62; (Barker , 
et al . , supra ) ; Xho linker . 
10 The 5 1 mas-gus-mas 3 1 sequence was inserted into 

pCGN783 so that the 5 1 mas-gus-mas 3 1 sequence was 
transcribed in the same direction as the 35S-kan-tml gene. 
This construct in the Acrrobacterium tum^f LBA4404 was 
used to transform tomato plants. 

15 

6. Transformation of Tomato Cotyledon Tissue 
a. Preparati on of A. tumefaciens LBA 
44O4/pCGN7001 and PCGN2125 

The plasmids pCGN7001 or pCGN2125, respect ively f 
20 were transformed into £. coli C2110 (eoIA) as follows*. 

Bacterial matings were performed using two E. QQli 
strains and Acrrobacterium tumefaciens strain LBA4404. One 
E . coli strain (MM294) harbored pRK2073 which provided 
mobilization functions and the other strain (C2110) carried 
25 the plasmid with a kanamycin resistance marker to be 

transferred into Acrrobacterium . The two £. qqXX, strains 
were grown overnight at 37°C with shaking in LB broth. The 
Acrrobacterium strain was grown overnight . at 28°C in MG/L 
broth. Fifty microliters of each of the three strains were 
30 mixed on a nitrocellulose filter placed on an MG/L plate. 

The plate was incubated at 28C for 3 days. The mixture was 
then streaked onto an AB minimal medium supplemented with 
100|lg/ml kanamycin and 100|ig/ml streptomycin and incubated 
at 28°C for two days. The streptomycin was included to 
35 kill the two coli strains. Single colonies were picked 
and purified by two more streakings on the above medium. 
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b . Tr-ansforina1--ir>n of Tomato Cotyledon Ti flflUff with 
r rgy»7nm anri P r.r;N2l25 

Substantially sterile tomato cotyledon tissue was 
obtained from seedlings which had been grown at 24°C, with 
5 a 16 hr/8 hr day/night cycle in 100 x 25mm Petri dishes 
containing Murashige-Skoog salt medium and 0.8% agar (pH 
6.0). Any tomato species may be used, however, here the 
inbred breeding line was UC82B, available from the 
Department of Vegetable Crops, University of California, 
10 Davis, CA 95616. The cotyledons were cut into three 

sections and the middle section placed onto feeder plates 
for a 24-hour preincubation. The feeder plates were 
prepared by pipetting 0.5ml of a tobacco suspension culture 
(-106 cells/ml) onto 0.8% agar medium, containing Murashige 
15 minimal organic medium (K.C. Biologials) , 2,4-D (0.2mg/L), 
kinetin (O.lmg/L), thiamine (0.9mg/L) and potassium acid 
phosphate (200mg/L, pH 5.5) . The feeder plates were 
prepared two days prior to use. A sterile 3mm filter paper 
disk containing feeder medium was placed on top of the 
20 tobacco cells after the suspension cells had grown for two 
days . 

Following the preincubation period, the middle 
segments of the cotyledon sections were placed into a 
liquid MG/L broth culture (l-5ml) of the Agroha , cterium . 

25 i-nnift f aniens strain LBA4404/pCGN7001 or pCGN2125 (lxlO'?- 
1x10 s bacteria/ml) . The cotyledon sections were 
cocultivated with the bacteria for 48 hrs . on the feeder 
plates and then transferred td regeneration medium 
containing 350mg/L cefotaxime and lOOmg/L kanamycin. The 

30 regeneration medium is a K.C. Biologicals Murashige-Skoog 
salts medium with zeatin (2mg/L) , myo-insitol (lOOmg/L) , 
sucrose (20g/L) , Nitsch vitamins and containing 0.8% agar 
(pH 6.0). In 2 to 3 weeks, shoots developed. When the 
shoots were approximately 1.25cm, they were excised and 

35 transferred to a Murashige and Skoog medium containing 
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cefotaxime (350mg/L) and kanamycin (50mg/L for rooting. 
Roots developed within 10-12 days. 

7 . Analysis of GUS Expressio n in Transformed Tomato 
5 Seedlings 

Young leaf tissue was excised from tomato 
plantlets that were growing from the cut edges of 
cotyledons that had been co-cultivated with Agrofrfrctg^iym 
t-nmfifarlens containing pCGN2125 or pCGN7001 constructs 6-8 
10 weeks previously. The tissue was grown on medium 

containing lOOmg/ml kanamycin; 350mg/ml cefotaxime (Cal 
Biochem-Hoechst) . The remainder of the medium was 22 
medium (Murashige and Skoog salts 2% sucrose, 100mg/l myo- 
inositol, Nitsch vitamins, 2mg/l zeatin and 0.8% 
15 Bactoagar) . One plantlet from cocultivation with pCGN7001 
were chosen for further analysis. 

The fluorimetric GUS assay was performed essentially 
as described (Jefferson et al., SMBQ J T (1987) £:3901- 
3907) . Specifically, young tomato leaf tissue (0.03-0.20 
20 g) was ground in 500|Il GUS extraction buffer (50mM sodium 
phosphate, pH 7.0, lOmM BME, lOmM EDTA, 0.1% Triton X-100) . 
The extract was centrifuged in a microfuge for 10 min. and 
the supernatant removed. Various dilutions of the 
supernatant in extraction buffer were made. Typically 1:10 
25 dilutions in 500^1 total volume were analyzed. Five |Il of 
MUG (methylumbelliferone) , lOOmM in dimethyl formamide, were 
added and the reaction mixtures incubated at 37°C for 2 
hours. The reaction was terminated by the addition of 
900p,l of 0.2 M Na2C03. Fluorescence was measured with 

30 excitation at 3 65 nm r emission at 455 nm on a Far rand 
system 3 fluorimeter with slit widths set at 10 nm. 

B. Results 

1. Characterization of a EF-la Geno mic Clone 
35 The EF-la gene contains one intron of 320 bp. This 

gene encodes a polypeptide which is 97% homologous to the 
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polypeptide encoded by LeEF-1. 61-1 is therefore one of 
the members of the EF-la multigene family, but it is not 
the gene that gave rise to the LeEF-1 cDNA clone. The 
sequence of the EF-la genomic clone, 61-1, is shown in 

Figure 3 . 

To determine what percentage of the total EF-1 mRNA 
arises from the 61-1 gene and what percentage arises. from 
the gene that gave rise to LeEF-1 (pCGN666) , specific 
oligomers were synthesized. Oligomer EF P 27 <5'- 
AGCTTGTAGATCAAGTCACCAGTGGTAGTC-3 ' ) corresponds to bases 123 
to 153 of LeEF-1 and since it is in a conserved region of 
the coding sequence will bind to all EF-la mRNAs . Oligomer 
EF p28 (5 ' -ACTGATATCTCTGGTAACTCCAGAGTTGAA-3 ' ) corresponds 
to bases 2542 to 2572 of 61-1 in the 3 • -untranslated 
15 region. This sequence is unique to 61-1. Oligomer EF P 2 9 
( 5 ' -ATAGCATTCGAAACACCAGCATCACACTGC-3 ' ) corresponds to bases 
1413 to 1443 of LEF-1 i the 3 ' -untranslated region. This 
sequence is unique to LeEF-1 . 

Using these three oligomer probes, Northern analysis 
20 was run on poly(A+) RNA from young axial shoots of tomato. 
The results demonstrated that the gene that gave rise to 
LeEF-1 (pCGN666) contributes a major portion of the EF-la 
message. Comparing signals obtained with oligomers EFp27 
and EFp29, it is possible to estimate that the gene that 
25 gave rise to LeEF-1 contributes at least 30% and perhaps as 
much as 50-60% of the total EF-la mRNA. On the other hand, 
a comparison of the signals obtained from EFp27 and EFp28, 
indicates that 61-1 contributes on the order of only 1% of 
the total EF-la mRNA. 
30 2. ftnalvs.is r>f Tnmat.o Plants Tran ormeri with 

p r.r,N2125 

The results of a typical assay are shown, in Table 1 
below. 
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Table 1. 

TTTJTnttnMETWTr. ens assay 

5 Fluorescence 

Weight Fluorescence Intensity (F) 

Plant of Intensity (F) of normalized 

Sample Sample VI 0 Dilution to 0 , Xcr Sample 

2125-X 0.04g 163 408 

10 7001-A 0.14g 311 222 



The GUS levels produced by the 2125 (EF-la GUS) plant 
are similar to those produced by a 7001 (mas-gus) plant. 
- The level of EF-la mRNA produced by the native 61-1 gene is 
15 approximately 1% of the total EF-la RNA. Since the total 
EF-la mRNA level is approximately 1% of the poly (A 4 *) RNA, 
then the mRNA produced by the 61-1 gene represents about 
0.01% of the poly (A 4 *) RNA. The message produced from the 
mannopine synthase promoter is low level and may be equal 
20 to or less than that produced from the octopine synthase 
(ocs) promoter (Murai and Kemp, Nu<?l ■ Acid? R$Si (1982) 
rQ.: 1679-1689) . The level of mRNA produced from the ocs 
promoter averages around 0.005% and ranges from 0.002% to 
0.01% of total mRNA (Comai, et al., N^tVT.e (1985) 212:741- 
25 744) . Thus the mannopine promoter and the 61-1 EF-la gene 
produce similar levels of mRNA. Thus the similar levels of 
GUS activity produced from the 2125 and 7001 plants are as 
would be predicted and indicate that the EF-la-GUS fusion 

in 2125 is functioning as expected. 
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F,yapiple III 
PF-irc: Geno"^ r.lon « a. The Genomic 
P.ryi H ira 1 snt o f pCGN666 

A. n»»»H»ls Methods 

1. rnnstrucH nn nf r>CGN2127, 

The approximately 250 bp Xbal (1464) to fi£P.RI fragment 
of pCGN666 was cloned into jfeal-EflfiPI digested P UC19. This 

resulted in pCGN2127 . 

2 . pmhP pes^pHnn. J^nlation and Labelling 

Probe A: The 1.7 kb EsaRI fragment of pCGN666 
containing LeEF-1 was isolated and nick-translated as 
previously described (Shewmaker, et al . , sapxa) . 

Probe B: The approximately 250 bp >&a.I-E£o_RI 
fragment of P CGN2127 was isolated and nick-translated as 
previously described (Shewmaker, et al . , sjjexa) . This 
fragment contains only sequences in the 3 'untranslated 
portion of LeEF-1. 

Probe C: The 30 base oligonucleotide EFp2 9 (see 
SiiSrjL) which hybridizes to nucleotides 1413 to 1443 of 
LeEF-1. This oligonucleotide hybridizes to sequences in 
the 3 1 untranslated region of LeEE-1 that are different 
from those to which probe B hybridizes. 

25 3. crrPBAlnc ^ -vnmatn Genomic Library for the 

qonnmjr. F.flnivalpnt to POGNSSS 

A tomato q.yrnpprsicon -scultgnUm cv VFNT-Cherry) 
partial ££ll3A library in Ch35 (Loenen, £ans. (1983) 2fi:171- 
179) was provided by Dr. Robert Fischer of University of 
California, Berkeley. The basic screening procedures were 
as described above in Example II. When the nick-translated 
probes A and B were used, hybridization and washing were as 
described for genomic screening. When the oligonucleotide 
probe C was used, hybridization and washing were as 
35 described for Northern analysis using oligonucleotide 
probes . 



20 



30 
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Approximately 800,000 plaques of the above library 
were screened with probe A. Subsequent rounds of plaque 
purification of positive signals were done with duplicate 
filters, one hybridized with probe A and the other with 
5 probe B. Only plaques that hybridized to both probes were 
chosen for final plaque purification. Purified plaques 
that hybridized to both probes A and B were also screened 
with probe C. A clone denoted "A" that hybridized to all 3 
probes was chosen for further analysis . The EF-la gene 

10 within A was designated LeEF-A. 

4 . Mapping. Subcloning and Sequ encing 
DNA from phage "A" was isolated as described 
(Grossgerger, Nnr.. Acids. Res. (1987) 15.: 6737). The 11 kb ■ 
15 insert of tomato genomic DNA within "A" and the location of 
LeEF-A within this insert were mapped using standard 
techniques. (Maniatis, Fritsch and Sambrock, Molecular. 
Cloning, A Laboratory Manual (1982) Cold Spring Harbor, New 
York) Several subclones of the insert in "A" were 
20 generated using standard cloning techniques . These 
subclones were used for DNA sequencing and included. 

pCGN674 and pCGN675: The approximately 9 kb Kpnl 
fragment cloned in both orientations in pUC19. This 
fragment contains 5 ' upstream regions as well as coding 
25 region from the amino terminal portion of the gene. 

pCGN2134: The approximately 2.5 b E&O.RI fragment 
cloned into pUC19. This fragment contains the coding 
region and region 3 1 of the LeEF-A gene. 

Using pCGN674, pCGN674, pCGN2134 and standard 
30 sequencing techniques similar to those described supra, the 
sequence of (1) the coding region, (2) approximately 2.5 kb 
upstream of the initiation codon, and (3) approximately 0.7 
kb 3' of the stop codon were obtained. 
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5. r.fmsl-.ructiriq "f pCGN1558 

pCGN1558 is a binary plant transformation vector 
containing the left and right T-DNA borders of 
^rnh^t.erium »iin.»f«fl.ien8 octopine Ti-plasmid P TiA6 
5 (Currier and Nester J, Bact , (1976) 126:157-165), the 

gentamycin resistance gene, of pPHUI (Hirsch and Beringer, 
Pi a amid (1984) 12:139-141), an Aqrohacterium rhi 7,o<Tenes Ri 
plasmid origin of replication from pLJbBll (Jouanin et al., 
m„v r^ n . Banet. (1985) 201:370-374), a 35S promoter-Kan*- 
10 tml 3 region capable of conferring kanamycin resistance to 
transformed plants, a ColEl origin of replication from 
PBR322 (Bolivar et al., Sena (1977) 2:95-113), and a lafiZ ' 
screenable marker gene from pUC18 (Yanish-Perron, sL Al- , 

Gene (1985) 33:103-119) . 
15 rnn^mnt inr] of nr.CN154 6 

The 35S promoter-tml3 ' expression cassette, pCGN986 
(contains a cauliflower mosaic virus 35S (CaMV35) promoter 
and a T-DNA tml 3 '-region with multiple restriction sites 
between them. pCGN986 was derived from another cassette, 
20 pCGN206, containing a CaMV35S promoter and a different 3* 
region, the CaMV region VI 3 '-end. The CaMV 35S promoter 
was cloned as an Alul fragment (bp 7144-7734) (Gardner s£. 
al., a^rts Res. (1981) 9:2871-2888) into the fliacll 

site of M13mp7 (Messing, sL- al • , Wnrl , Acids Res, (1981) 
25 9:309-321) to create C614. An ££0_RI digest of C614 

produced the E&O.RI fragment from C614 containing the 35S 
promoter which was cloned into the EfiffiRI site of P UC8 
(Viera and Messing, Gjsne. (1982) 19:259) to produce P CGN147 . 
pCGN148a containing a promoter region, selectable 
30 marker (KAN with 2 ATG's) and 3' region, was prepared by 

digesting pCGN528 with Ball I and inserting the BamHI-Bglll 
promoter fragment from pCGN147. This fragment was cloned 
into the Bglll site of pCGN528 so that the Mill site was 
proximal to the kanamycin gene of pCGN528. 
35 The shuttle vector used for this construct pCGN528, 

was made as follows: pCGN525 was made by digesting a 
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plasmid containing Tn5 which harbors a kanamycin gene 
(Jorgenson st. N ol , fie.n, genet- (1979) 177:65) with 

aiadlll-BamHI and inserting the Hindlll-SsffiHI fragment 
containing the kanamycin gene into the fiindlll-BsmHI sites 
5 in the tetracycline gene of pACYC184 (Chang and Cohen, «L 
Bar.terloL (1978) 121:1141-1156) . pCGN526 was made by 
inserting the HaniHI fragment 19 of pTiA6 (Thomashow ££. 

Cell (1980) 19:729-739), modified with XhoX linkers 
inserted into the MI site, into the MmHI site of 
10 pCGN525. pCGN528 was obtained by deleting the small Xh£l 
fragment from pCGN526 by digesting with Xh&I and 
religating. 

pCGN14 9a was made by cloning the fiamPl -kanamycin gene 
fragment from pMB9KanXXI into the BamHI site of pCGN148a. 
15 pMB9KanXXI is a pUC4K variant (Vieira and Messing, S<?n$ 
(1982) 19:259-268) which has the Xho l site missing, but 
contains a functional kanamycin gene from Tn903 to allow 
for efficient selection in Acrrnbacterium. 

pCGN149a was digested with Hindi 1 1 and BamHI and 
20 ligated to pUC8 digested with Hindi 1 1 and BSfflHI to produce 
pCGN169. This removed the Tn903 kanamycin marker. pCGN565 
and pCGN169 were both digested with Hindi 1 1 and £s£I and 
ligated to form pCGN203, a plasmid containing the CaMV 35S 
promoter and part of the 5 1 -end of the TN5 kanamycin gene 
25 (up to the Pst I site, Jorgenson si. al. , (1979), gypra) ■ A 
3 1 -regulatory region was added to pCGN203 from pCGN204 (an 
EsaRI fragment of CaMV (bp 408-6105) containing the region 
VI 3 1 cloned into pUC18 (Yanisch-Perron, et al., figna 
(1985) 21: 103-119) by digestion with Hindu I and ££tl and 
30 ligation. The resulting cassette, pCGN206, was the basis 
for the construction of pCGN986. 

The pTiA6 T-DNA tml 3 1 -sequences were subcloned from 
the Bam l9 T-DNA fragment (Thomashow &1. , (1980) gypr?) 
as a BamH I- EcoR I fragment (nucleotides 9062 to 12,823, 
35 numbering as in Barker al., Plant MQl, B^qI. (1982) 

2:335-350) and combined with the pACYC184 (Chang and Cohen 
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(1978), sjJSsa) origin of replication as an E£0_RI-EiadIII 
fragment and a gentamycin resistance marker (from plasmid 
pLB41), obtained from D. Figurski) as a aaafll-fliadlll 
fragment to produce pCGN417 . 

The unique £maj site of pCGN417 (nucleotide 11,207 of 
the Baml9 fragment) was changed to a Sad site using 
linkers and the fiamPI-fiafil fragment was subcloned into 
P CGN565 to give pCGN971. The SamHI site of pCGN971 was 
changed to an E£o.RI site using linkers. The resulting 
Ej^>RI-£ac.I fragment containing the tml 3' regulatory 
sequences was joined to pCGN206 by digestion with Ec^RI and 
SacI to give pCGN975. The small part of the Tn5 kanamycin 
resistance gene was deleted from the 3 < -end of the CaMV 35S 
promoter by digestion with Sail and B3III, blunting the 
ends and ligation with Sail linkers. The final expression 
cassette pCGN98 6 contains the CaMV 35S promoter followed by 
two Sail sites, an Xbjil site, fiamHI, final/ Seal and the tml 
3' region (nucleotides 11207-9023 of the T-DNA) . 

The 35S promoter-tml 3' expression cassette, pCGN986 
was digested with fllafllll. The ends were filled-in with 
Kleenow polymerase and JOjqI linkers added. The resulting 
plasmid was called pCGN986X. The SamHI-SacJ fragment of 
pBRX25 containing the nitrilase gene was inserted into 
SamHI-fiacI digested pCGN986X yielding pBRX66. 
25 construction of pBRX25 is described in European 

application EPA 0 22 9 042 filed January 7, 1987, which 
application is incorporated herein by reference. Briefly, 
the method was as follows: The nucleotide sequence of a 
1212-bp P_s£.I-HincII DNA segment encoding the bromoxynil- 
30 specific nitrilase contains 65-bp of 5' untranslated 

nucleotides. To facilitate removal of a portion of these 
excess nucleotides, plasmid pBRX9 was digested with Esfcl, 
and treated with nuclease B&131. BamHI linkers were added 
to the resulting ends. BamHI -Hindi fragments containing a 
35 functional bjm gene were cloned into the gajsHI-SmaJ sites 
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of pCGN565. The resulting plasmid, pBRX25, contains only 
11 bp of 5 1 untranslated bacterial sequence. 

pBRX66 was digested with Pst I and ££&RI, blunt ends 
generated by treatment with Kleenow polymerase, and 5£ho_I 
5 lingers added. The resulting plasmid pBRX68 now has a £ml 
3' region that is approximately l.lkb. pBRX68 was digested 
with Sai l and Sad , blunt ends generated by treatment with 
Kleenow polymerase and E^oRI linkers added. The resulting 
plasmid, pCGN986XE is a 35S promoter - tml 3 1 expression 
10 cassette lacking the nitrilase gene. 

The Tn5 kanamycin' resistance gene was then inserted 
into pCGN986XE. The l.Okb E£o_Rl fragment of pCGN1536 (see 
below) was ligated into pCGN986XE digested with EL£o.RI. A 
clone with the Tn5 kanamycin resistance gene in the correct 
15 orientation for transcription and translation was chosen 

and called pCGN1537b. The 35S promoter Kan R -tml 3 l region 
was then transferred to a chloramphenical resistant plasmid 
backbone. pCGN786 (a pUC-CAM based vector with the 
synthetic oligonucleotide 5 1 
20 GGAATTCGTCGACAGATCTCTGCAGCTCGAGGGATCCAAGCTT 3 1 containing 
the cloning sites EcaRI, Sail/ Bgill, Es£.I, Xbfil, MffiHI, 
and Hind lll inserted into pCGN566) was digested with X&Q.I 
and the Xho l fragment of pCGN1537b containing the 35S 
promoter - Kan R -tml 3 1 region was ligated in. The 
25 resulting clone was termed pCGN1546. 
pr.CTH 53 6 Construction . 

The 5.4 kb ScoR I fragment is removed from pVK232 
(Knauf and Nester, Plasmid (1982) 8:45) , by £££>RI digestion 
and cloned into EcoR I digested pACYC184 (Chang and Cohen, 
30 J. Bacterial . (1978) 134:1141-115 6) to create pCGN14. The 
1434 bp Clal-SphI fragment of pCGN14, containing the mas 5 1 
region (bp20128-215 62 according to numbering of (Barker et 
al., Plant Mo. Biol . (1983) 2:335-350) is cloned into ho&I- 
Soh l digested pUC19 ( Yanisch-Perron et al., gene (1985) 
35 33:103-119) to generate pCGN40. A 746 bp Sc.qRV-TST^qI 

fragment of the mas 5 ! region is replaced by an XfrQl site 
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by digesting P CGN40 with E££RV and MasJ followed by 
ligation in the presence of a synthetic a»I linker DNA to 
create P CGN1036. The 765 bp Ssfcl-fliadlll fragment (bp 
18474-19239) of pCGN14, containing the mas 3 1 region, is 
5 cloned into fiatl-flindHI digested P UC18 (Yanish-Perron et 
al., Sens- (1985) 33:103-119) to yield pCGN43 . The Hindi II 
site of P CGN43 is replaced with an EfisRI site by digestion 
with HindHI, blunt ending with Klenow enzyme, and ligation 
of synthetic EspRI linker DNA to create pCGN1034 . The 767 
10 bp EcoRI fragment of pCGN1034 is cloned into Ej^RI-digested 
PCGN1036 in the orientation that places bp 19239 of the mas 
3' region proximal to the mas 5' region to create P CGN1040. 
P CGN1040 is subjected to partial digestion with fiatl, 
treated with T4 DNA polymerase to create blunt ends, and 
15 ligated in the presence of synthetic XHQl linker DNA; a 
clone is selected in which only the SatI site at the 
junction of bp 18474 and vector DNA (constructed in pCGN43 
and carried into pCGN1040) is replaced by an 2HflI site to 

generate pCGN1047. 
20 pCGN565 is digested with Ecj^RI and Hindlll, treated 

with Klenow enzyme to create blunt ends, and ligated in the 

presence of synthetic Zh2.I linker DNA to create pCGN1003; 

this recreates the E£C_RI site adjacent to the Xfco_I linker. 

PCGN1003 is digested with Zs&l, treated with Klenow enzyme 
25 to create blunt ends, and ligated in the presence of 

synthetic P_sJlI linker DNA to create pCGN1007 . The 1.5kb 
Xh<2l fragment of P CGN1047, containing the mas 5' region and 
the mas 3 ' region with a multiple cloning site between, is 
cloned into ami digested pCGN1007 to construct pCGN1052. 
30 A portion of the multiple cloning site of P CGN1052 is 
deleted by digestion with Ifcal and Safcl, treated with 
Klenow enzyme to make blunt ends, and ligated to generate 
pCGN1052AXS. 

The 1 kb E££>RI-Smal fragment of P CGN550 (Saa pCGN783, 
35 Example II) , containing the 1 ATG-kanamycin resistance 

gene, is cloned into fisaRI-fiinal digested Bluescript M13-KS 
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(Strategene, Inc., CA) to create pBSKm; this plasmid 
contained an Ml 3 region allowing generation of single 
stranded DNA. Single stranded DNA is generated according 
to the supplier's recommendations, and in vitro mutagenesis 
5 was performed (Adelman et al., DNA (1983) 2:183-193) using 
a synthetic oligonucleotide with the sequence 
5 1 GAACTCCAGGACGAGGC3 1 to alter a P^LI site with the 
kanamycin resistance gene and make it undigestable, 
creating pCGN1534. pCGNl534 is digested with Smal and 
10 ligated in the presence of synthetic £££>RI linker DNA to 

generate pCGN1535 . 

The 1 kb E^aRI fragment of pCGN1535 is cloned into 
EcoRI digested pCGN1052AXS to create the masS'-kan mas3' 
plant selectable marker cassette pCGN1536. 
15 r-nnstmct inn of pCGN1541b 

pCGN65a2XX (see below) was digested with figlll and 
EcoR V, treated with Kleenow polymerase, and Ball I linkers 
added. The resulting plasmid, pCGN65a2XX', now lacks an 
approximately 20 bp piece of DNA that was present in 
20 pCGNCC2XX. 

pBR322 (Bolivar et al . , Gene (1977) 2:95-113) was 
digested with E££RI and £vull, treated with Kleenow 
polymerase to generate blunt ends, and BalU linkers added. 
An ampicillin resistant, tetracycline sensitive clone, 
25 pCGN1538 was selected. This clone now lacks the 

approximately 2.2 kb E£&RI-PvuII fragment containing the 
tetracycline resistance gene. The PvuII site has been lost 
but the EcoR I site was regenerated upon addition of Ball I 
linkers . 

30 pCGN65a2XX ! was digested with Ball! and ligated to 

Ball I digested pCGN1538 to create pCGN1541a which contained 
both plasmid backbones. pCGN1541a was digested with Xh&I 
and religated. An ampicillin resistant, chloramphenical 
sensitive clone was chosen which lacked the pACYC-184 

35 derived backbone, creating pCGN1541b. 
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rnn^mrt inn of pCfiN65a2XX 

PCGN451 consists of octopine synthase 5' non-coding 
region sequences 13,643 to 15,208 fused via an EcaRI linker 
to the 3« non-coding region sequences 11,207 to 12,823 of 
P TiA6 according to Barker et al . , Plant ml. (1983) 
2:325. P CGN451 was digested with Bb&I and ligated in the 
presence of synthetic SOU linker DNA to generate pCGN55. 
The XJipJ-SEW fragment of pCGN55 (bp 13800-15208, including 
the right border, of Agrobacterium tumefaciens T-DNA; 
(Barker et al . , £ene_ (1977) 2:95-113) was cloned into Sflll- 
Sp h l digested of pUC19 (Yanisch-Perron et al., £ejie_ (1985) 
33:103-119) to create pCGN60. The 1.4 kb Hiadlll-BamPI 
fragment of P CGN60 was cloned into fliadlll-Bflsmi digested 
with P SP64 (Promega/ Inc.) to generate pCGN1039. P CGN1039 
15 was digested with Smal and Nrul (deleting b P 14273-15208 ; 
(Barker et al . , Gjms. (1977) 2:95-113) and ligated in the 
presence of synthetic Ball I linker DNA creating 
pCGN1039ANS. The 0.47 kb £cfl£I-HiadIII fragment of 
pCGN1039ANS was cloned in to EjsoRI-Hindlll digested 
20 pCGN565 to create pCGN565RB. The flindlll site of pCGN565RB 
was replaced with an X£o.I site by fliadlll digestion, 
treatment with Klenow enzyme, and ligation in the presence 
of synthetic Xho l linker DNA to create pCGN5 65RB-H+X. 

pUC18 was digested with Has.II to release the la.cZ ' 
25 fragment, treated with Klenow enzyme to create blunt ends, 
and the lacZ ' -containing fragment ligated into pCGN565RB- 
H+X, which had been digested with &cal and Spfcl and treated 
with Klenow enzyme, resulting in pCGN565RB Cc2X. In 
PCGN565RBCC2X the orientation of lacZ ' is such that the lac 
30 promoter is proximal to the right borderThe clone is 

positive for lacZ' expression when plated on an appropriate 
host and contains bp 13990-14273 of the right border 
fragment (Barker et al . (1983) siiExa) , having deleted the 
Accl- Sph l fragment (bp 13800-13990) . The 728 bp Ealll-XJafil 
35 fragment of pCGN565RBCC2X containing the T-DNA right border 
piece and the lacZ ' gene, was cloned into Salll-XJiGl 
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digested pCGN65AKX-S+X, replacing the BSlII-Xbal right 
border fragment of pCGN65AKX-S+X, to create pCGN65cc2X. 
rnn^ructj nn of P CGN 6 5 AKX- S +X 

pCGNSOl was constructed by cloning a 1*85 kb E£fiRI- 
5 xhoT fragment of pTiA6 (Currier and Nester, J T Bactx. (1976) 
126:157-165) containing bases 13362-15208 (Barker fit &1- t 
Pi.nf Mo. Biol, (1983) 2:335-350) of the T-DNA (right 
border) , into E££>RI-£&II digested M13mp9 (Vieira and 
Messing, Gene (1982) 19:259-268) . pCGN502 was constructed 
10 by cloning a 1.6 kb flindlll-Sm&I fragment of pTiA6 r 

containing bases 602-2212 of the T-DNA (left Border), into 
Biadlll-Smal digested M13mp9. pCGNSOl and pCGN502 were 
both digested with E^RI and fliadlll and both T-DNA- 
containing fragments cloned together into flindlll digested 
15 pUC9 (Vieira and Messing, Gene (1982) 19:259-268) to yield 
pCGN503, containing both T-DNA border fragments. pCGN503 
was digested with Hindi 1 1 and E£&RI and the two resulting 
HindIII-E£&RI fragments (containing the T-DNA borders) were 
cloned into E££RI digested pHC7 9 (Hohn and Collins, Gene 
20 (1980) 11:291-298) to generate pCGN518 . The Kpn,I-£g&RI 

fragment from pCGN518, containing the left T-DNA border, is 
cloned into &aaI-£££iRI digested pCGN565 to generate 
pCGN580. The SsmHI-Bglll fragment of pCGN580 is cloned 
into the B^jnHI site of pACYC184 (Change and Cohen, i. 
25 Rar±eriol. (1978) 134:1141-115 6) to create pCGNSl. The 1.4 
kb BamPI-SBkl fragment of pCGN60 (see pCGN65a2X section 
above) containing the T-DNa right border fragment, was 
cloned into &amHI-££liI digested pCGNSl to create pCGN65. 

pCGN65 was digested with ICpn.1 and Xtal, treated with 
30 Klenow enzyme to create blunt ends, and ligated in the 

presence of synthetic BsJLH linker DNA to create pCGN65AKX. 
pCGN65AKX was digested with Sail, treated with Klenow 
enzyme to create blunt ends, and ligated in the presence of 
synthetic Xho l linker DNA to create pCGN65AKX-S+X. 
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^inV r™i«i-nifition PCGN1558 

The XhaX fragment of pCGN154 6 containing the 35S 
promoter - Kan*-tml 3' region was cloned into 2&Q.I digested 
1541b to create pCGN1554 . The XHfil fragment from pCGN1546 
is oriented within 1541b such that the order of components 
is hnrder - tml 3 1 - Kan* - 35S promoter - l£C_Zi> 

bright border. 

The flail I fragment of pCGN1554 containing left border- 
tml3'-Kan R -35S promoter-lacZ right border was cloned into 
SamHI restricted P CGN1532 (see below) resulting in the 
binary vector, pCGN1558. In P CGN1558, the orientation of 
the insert is such that the T-DNA left border is adjacent 
to the RI plasmid origin of replication. This binary 
vector has several advantages including a minimal amount of 
15 DNA between the T-DNA borders, high stability in 

a gmh a r.t. fl rium hosts, high copy number in £. coli nosts and 
blue/white screen with multiple restriction enzyme sites 
for ease of cloning target DNA. 
p(-.rcN1532 co nst-ruction. 

The 3.5kb ££p_RI-E££.I fragment containing the 
gentamycin resistance gene is removed from pPhlJI (Hirsch 
and Beringer, Plasmid (1984) 12:139-141) by ECfiRI-Eatl 
digestion and cloned into £££RI-EiSiI digested pUC9 (Vieira 
and Messing, gene (1982) 19:259-2 68) to generate pCGN549. 
25 Hindlll-Efifcl digestion of pCGN549 yields a 3.1 kb fragment 
bearing the gentamycin resistance gene, which is made blunt 
ended by the Klenow fragment of DNA polymerase I and cloned 
into Evu.II digested pBR322 (Bolivar et al., (1977) 
2:95-113) to create pBR322Gm. pBR322Gm was digested is 
30 D£al and 3eW, treated with Klenow enzyme to create blunt 
ends, and the 2.8 kb fragment cloned into the Ri origin 
containing plasmid pLJbBll (Jouanin et al., Tfpl , Gen. 
Gflnat . (1985) 201:370-374) which has been digested with 
Apa l and made blunt ended with Klenow enzyme, creating 
35 pLHbBUGm. The extra ColEl origin and the kanamycin 

resistance gene are deleted from pLJvBUGM by digestion 



20 



WO 90/02172 



PCT/US89/03536 



48 

with fismHI followed by self closure to create pGmBll. The 
Hind ll site of pGmBll is deleted by EMU digestion 
followed by treatment with Klenow enzyme and self closure, 
creating pGmBll-H. The PstI site of pGmBll-H is deleted by 
5 Pst I digestion followed by treatment with Klenow enzyme and 
self closure, creating pCGN1532. 

6. r.nn struct inn of EF-l CY . (T,e-BFA) -G Uft Construct and PUnt 
Tirades -Format ion 

L0 a. r.nnstructJnn of PC G W9147 - EF-lCt 3' subclone fQX 

„ Qgt ^ n F.F-la cassette 

pCGN2141 was constructed by cloning the approximately 
1.8kb gnnT-Pstl fragment of pCGN2134 into pUC19 cut with 
Kon I x PstI. This Kpn l (Figure 4, nucleotide #2771) - Zs£.I 
15 fragment contains coding and 3' untranscribed regions. The 
approximately l.Okb Sglll-Psjil fragment of 2141 was cloned 
into Bluescript KSII (Stratagene) that has been digested 
with SamHI x Pst I yielding pCGN2145. This Ball I (Figure 4, 
nucleotide #3619) - £st fragment contains Oterminal coding 
20 regions and 3 1 untranscribed regions. The l.Okb £^I-E££RI 
fragment of 2145 was cloned into £s£I-E£&RI digested - 

pCGN565 yielding pCGN2147. 

b. Construction of 2140- KF-ltt 5' Promoter Subclone 

For Use In KF-la Ca ssette 

25 In order to obtain desirable restriction sites for 

cloning in genes at the 3 r end of a promoter fragment, a 
small fragment of the 5 1 region of EF-lcc was amplified 
using polymerase chain reaction (PCR) (Perkin-Elmer, Cetus) 
thermal cycler, as per the manufacturer's instructions 

30 (including manufacturer's reagents) and oligonucleotides 
that add desired linkers. This small fragment was then 
rejoined with other 5* sequences to make a suitable, 
promoter fragment. Specifically the oligos were: 
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BFP54 
Hindlll 



5' CAG - CAG - AAG - CTT - GCT - GTA - GTT - GTT- 
2135 

TAC - CAG 3' 
2158 



10 EFp5$ 



Sst Sma 

I I I I 

5' ACG - ACG - GAG - CTC - TCG - CCC - GGG 



Xho 

I 1 

- CAT - CTC - GAG - ACA - CTA - AGA - AAC 
20 2450 



25 



TGC - ATT - TAC - 3' 
2427 



Specifically the reaction contained 53.5ul HaO, lOul 
lOxRxn buffer, 16ul dNTP ' s [1.25mM dCTP, dATP, dGTP & TTP] , 
5ul EF-p54 (20mM), 5ul EF-p56 (20mM) , 20ul pCGN675 
(lng/ul), 0.5ul TAQ polymerase. The resulting = 300bp 
30 fragment was restricted with aindlll and £s£J and cloned 
into pUC12 CmR (Buckley, Ph.D. thesis) that had been cut 
with Hindlll and SjlLI • This resulted in pCGN2142. The 
sequence of the fragment in 2142 generated by PCR was 
determined and found to be identical to the same region in 
35 pCGN675 ( See Example 3) (Figure 4, nucleotide #2135— > 
2450) . 
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pCGN2137 was obtained by cutting pUC19 with Hindlll, 
filling in with Kleenow polymerase and selecting for a 
clone that had lost the Hindi II site. 

The approximately 6.5kb BamHI-Keill (2771) fragment of 
5 pCGN675 was cloned into BajnHI x Knnl cut pCGN2137 yielding 
pCGN2139. The BamHI-K£nI fragment in pCGN2139 contains 5 l 
upstream regions and approximately 300 base pairs of N- 
terminal coding region. The approximately 9 . 5kb Hindlll- 
gstl fragment of 2139 was ligated to the approximately 
10 300bp Hiadlll-SStl fragment of pCGN2142 yielding pCGN2140. 
The approximately 6kb EF-ia 5' fragment in 2140 contains 5' 
upstream and 5 1 untranslated regions but no coding 
sequences . 

c. firm struct ion of tdC CN?! 48-EF-1 (X Cassette 

15 The approximately 6kb Spil-fistl fragment of 2140 

containing the EF-loc promoter was cloned into £phi-£££ cut 
pCGN2147 yielding pCGN2148 . This clone thus contains the 
approximately 6kb 5' promoter fragment, the approximately 
lkb 3 1 EF-ia fragment and restriction sites in between into 

20 which genes can be cloned. 

d. Construct ion of PC KN9.1 54-EF-1 tt-GTTS Chimera 
pCGN1804 (see Example II) contains the E. coXl P- 

glucuronidase (GUS) gene. pCGN1804 was cut with E^oRi and 
the ends filled in with polymerase I (Fqct? (1984) 6:1 pg. 
6) . Xho l linkers were added and a clone with an ZhoX site 
was selected and designated pCGN1805 . The 1.8kb Sail x 
yho l fragment of pCGN1805 containing the GUS gene was 
cloned into Xho l digested pCGN2148. A clone with the GUS 
gene in the correct orientation for transcription and 
translation was selected and given the number pCGN2154. 

e. Tnaftrtion of EF-lCC ETTS Chimera (PCGN2154) Into A 

Binary Vecto r fpCGN1558) 

The approximately 9kb Pst I fragment of pCGN2154 
containing EF-la 5 1 -GUS-EF-10C3 1 was cloned into £s£I cut 
PCGN1558 (see above). In pCGN2158 the 5'EF-la-GUS EF-1CX3 1 
was inserted into pCGW1558 such that 5 'EF-la-GUS-EF-la3 * is 
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transcribing in the same direction as the 35S-Kan-tml gene, 
in pCGN2157 the 5 ' EF-1CC-GUS-EF-1CX3 ■ was inserted into 
PCGN1558 such that 5 ' EF-1CC-GUS-EF-KX3 ' is transcribing in 
the opposite direction as the 35S-Kan-tml gene. 
5 f , Prsparat^nn of T ranscenic Plants 

^rnhani-.erium Mitnpf aniens strain 2760 (also known 
as LBA4404, Hoekerana afcal., (1933) 3JH: 179-180) 

was transformed with pCGN2157 or pCGN2158 using the method 
of Holsters, stal., MM 0»n , Genet , , (1978) 181-187 . 

10 The transformed A. Xvmt a.ciens. was then used in the co- 
cultivation of plants . 
Tomato 

Tomato plants were transformed with &. f umef aciens 
LBA4404/pCGN2158 or pCGN2157, respectively, essentially as 
15 described in Example II. 6.b. r with the exception that 500 
mg /L of carbenicillin was used in the co-cultivation and 
regeneration procedure instead of the 350 mg/1 cefotoxine 
described therein. 
Tobacco 

20 Tobacco leaf explants, roughly 5-10mm by 5-10mm, were 

cut from young leaves, approximately 3-5cm long and third 
to sixth from the apex of Nicotiniana tbabcum cv xanthi 
which were grown under axenic conditions in solid medium: 
Murashige Minimal Organics {#1118 Gibco Laboratories, New 
25 York), 7% phytagar, lmg/1 indole-3-acetic acid, 0.15mg/l 
kinetin. The explants were plated on solid medium 
containing Murashige Minimal Organics, 6% phytagar, 40mg/l 
adenine sulfate, 2mg/l indole-3-acetic acid, 2mg/l kinetin. 
A sterile #1 Whatman filter paper (Whatman Ltd., Maidstone, 
30 England) was placed on the top of the plate medium 

(explants are placed on top of filter) and they were 
incubated for 24 hours in the dark at 24°C. 

The Agrobacfceriujn were grown on AB medium (AB salts 
K 2 HP0 4 3gm/l, NaH 2 P0 4 H 2 0 1.15g/l, NH4CI lg/1, glucose 5g/l, 
35 FeS0 4 0.25mg/l, MgS0 4 0.246mg/l, 0.14mg/l, 15g/l agar, 100 
ug/1 gentamycin sulfate and 100 ug/1 streptomycin sulfate) 
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for 4-5 days. Single colonies were inoculated into 5mls of 
MG/L broth (50% Luria broth and 50% mannitol-glutamate 
salts medium (Garfinkel and Nester, J.Bacteriol. 
(1980^ 144 :732-743) ) and were incubated overnight in a 
5 shaker at 30°C and 180 R.P.M. before co-cultivation. 

Following the preincubation period, the explants were 
dipped into the bacterial suspension of 3.3 x 10 8 cells/ml 
for approximately 5 minutes, blotted on sterile paper 
towels and replated on the same plates. After 48 hours, 
10 the explants were placed on selection medium containing the 
same plate medium as above plus 350mg/l cefotaxime and 
100mg/l kanamycin. The explants were transferred to fresh 
media every 2 weeks. At the 6 week transfer thereafter, 
shoot and green callus were trimmed from explants and 
15 placed on solid media: Murashige Minimal Organics, .5mg/l 
indole-3-acetic acid, 2 mg/1 kinetin, 40mg/l adenine 
sulfate, 350mg/l cefotaxime, 100mg/l kanamycin. Shoots 
were harvested beginning about 4 weeks after co-cultivation 
and placed in 50ml culture tubes with 25ml of solid medium 
20 (7% bactagar lmg/1* indole-3-butyric acid, 350mg/l 

cefotaxime, 100mg/l kanamycin) and grown at 24-28°C, - 12 
hours light, 12 hours dark, light intensity SO-lOOuEm^s" 1 . 
Shoots root in 1-2 weeks and were then transplanted into 
soil and placed in growth chambers. 

25 

B. Rggvlt? 

1. Characte rizat ion of EF-lff Ge nomic ClQn? ft fLg- 

EF— A) 

This sequence, comprising 4565 nucleotides in total is 
30 presented in Figure 4. Notable features of the sequence 
include : 

a. The EF-la gene A has 2 introns (indicated 
in small letters) . One occurs in the 5 T untranslated 
region between nucleotides 43 and 44 of the cDNA. (pCGN666) . 
35 This intron spans nucleotides 1680-2436 of this sequence. 

The second intron occurs in the coding region between amino 



WO 90/02172 



PCI7US89/03536 



10 



53 

acids 154 and 155. This intron spans nucleotides 2 916- 
2995. 

b. The 5' upstream region of the LeEF-A gene 
is rather rich in A/T. The 2453 nucleotides upstream of 
the initiation ATG are 75.1% A/T. When the intron within 
this region (757 nucleotides) is examined, it is found to 
be 70.4% A/T. This contrasts to the 1347 nucleotides in 
the coding region (excluding intron 2) which shows 52.2% 
A/T. 



CTfi Analyst of nCG N ?1 /nC.BN21 58 Transformed Plants 
Transformed tobacco plants were maintained in vitro on 
media containing 0.7% Phytagar (Gibco) , Murashige and Skoog 
salts, 3% sucrose, 1 rag/1 IAA, and 0.15 mg/1 kinetin, pH 
15 5.5. Transformed tomato plants were maintained in. vitro on 
media containing 0.65% Phytagar, Murashige and Skoog salts, 
lx Nitsch vitaimins (Nitsch, C. and Nitsch, J. P. (1967) 
Planta (Berl) 72:355-370), 0.15 mg/1 kinetin, pH 6.0. 

a. Fluromet rH r. Analysis 

20 Analysis was performed on very young tobacco 

shoot tips. Shoot tips, weighing approximately 50-100 mg 
were quick frozen in liquid nitrogen and stored at -70° C. 
until assayed. Samples were ground in 500 |il GUS 
extraction buffer as described in Example II. 7. In 

25 addition, protein concentration was determined on a 

separate aliquot using the Bio-Rad Protein Assay Kit (Bio- 
Rad) with Bovine Serum Albumyn as standards. The data was 
then converted to pmole MU/min/mg protein. 

b. Localization of flTIS fir^vir.v Within TiSSUS 
30 In. situ GUS analysis was performed with X- 

glucuronic acid (Molecular Probes, Inc., OR) as described 
in (Jefferson, Pi*nr Mol. Biol , Reporter (1987) 5_:387-405). 
For the tobacco shoot tip, free hand sections approximately 
10-20 cell layers thick were made and immersed in staining 
35 solution overnight at 37°C. For tomato root tips, young 

roots were immersed in staining solution overnight at 37°C. 



WO 90/02172 



PCT/US89/03536 



54 

3. Rvprftssion Of EF-1 « flene A-GUS Chimera 

To determine the pattern of expression of the EF-lcc- 
GUS chimera, in situ hybridizations were performed using X- 
5 glucuronic acid. The action of B-glucuronidase on X- 
glucuronic acid gives rise to a blue colored compound. 

A young root tip from a pCGN2157 tomato plant let and a 
pCGN7001 (mas-GUS chimera - See Example II) plant let were 
examined and compared. In the pCGN7001 root tip, 
10 development of color is seen throughout the root . In the 
pCGN2157 root, the main color development is seen in the 
very tip of the root. When endogenous EF-1CC expression was 
analyzed in tomato root tips by 35S - RNA in ?itU 
hybridization ( See , Example 1 and Pokalsy £l»r (1989) 
15 Kuc. Acids Res . , 12:4 661-4673) the majority of the 

hybridization was seen in the very root tip (1st 1-2 mm) . 
The expression seen with pCGN2157 is similar and correlates 
with the rapid growth that is taking place in the root tip. 
A shot tip from a pCGN2157 tobacco plant was sectioned 
20 and treated with X-glucuronic acid. The development of 
color is seen in the very apex of the shoot, the 
procambium, and the axillary buds . These regions are 
characterized by rapidly dividing cells . This indicates 
that the pattern for the EF-la-GUS chimera correlates with 

25 area of rapid cell division. 

Levels of expression were analyzed by looking at GUS 
levels in young shoot tips. Twenty pCGN2157 and twenty- 
four pCGN2158 tobacco plants were analyzed (See, Figure 5) . 
Expression levels of tested events were compared to 

30 different pCGN7001 tobacco plant events (mas-GUS chimera, 

See , Example II) and against pCGN7320 repeated testing of a 
clonal transformation event, clone pCGN7320 (double 35S-GUS 
chimera) . The "2157" and "2158" plants showed GUS levels 
similar to or higher than the u d35S" plant and 

35 significantly higher than the "mas plants." Mas is known 
to be a relatively low level expresser ( See , Example II) 
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while d35S promoters give relatively high level expression 
(Kay fit al- (1987) S cie nce, 2M: 1299-1302) . The level of 
expression from observed P CGN2157 and pCGN2158 correlate 
well with the fact that EF-la genomic clone A is high 
5 expressing EF-la gene. 

It is evident from the above results, that plant cells 
and plants can be produced which have improved properties 
or may produce a desired product . In accordance with the 
10 subject invention, rapidly dividing cells can provide for 
high levels of a desired product, which may impart 
resistance of the plant to a wide variety of environmental 
hazards, such as herbicides, pests, heat, drought, disease, 
other forms of stress, and the like. In addition, the rate 
15 of growth of the plant may be modulated, so that higher or 
lower growth rates can be achieved, depending upon the 
particular situation. In this manner, crops may be grown 
more efficiently, in the substantial absence of weeds, may 
be less subject to attack by pathogens, so as to provide 
20 for enhanced productivity and greater efficiency in 

utilization of land and chemical resources, and the like. 
The subject constructs provide for enhanced expression of 
the particular gene in rapidly dividing cells, so as to 
reduce the level of expression in those parts of the plant 
25 where the expression product is not efficiently utilized. 
This provides for more efficient utilization of plant 
energy and resources, so that the energy and resources may 
be directed to a product of interest. 

All publications and patent applications mentioned in 
30 this specification are indicative of the level of skill of 
those skilled in the art to which this invention pertains. 
All publications and patent applications are herein 
incorporated by reference to the same extent as if each 
individual publication or patent application was 
35 specifically and individually indicated to be incorporated 
by reference. 
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Although the foregoing invention has been described in 
some detail by way of illustration and example for purposes 
of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within 
5 the scope of the appended claim. 
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t, P 71T P.T.ATMED IS: 

1. A DNA sequence comprising: 

the 5 ' non-coding region obtainable from a plant 
elongation factor-la gene comprising the transcriptional 
5 and translational regulatory region and free of an intact 
elongation factor-la gene coding region. 

2. The DNA sequence according to Claim 1, where said 
5' non-coding region is less than about lOkb. 

3. The DNA sequence according to Claim 1, wherein 
10 said sequence has fewer than 20 codons of said coding 

region . 

4. The DNA sequence according to Claim 1, wherein 

said plant is tomato. 

5. A DNA construct comprising in the direction of 
15 transcription, a 5 l non coding region obtainable from a 

plant elongation factor-la gene comprising the 
transcriptional and translational regulatory region, a DNA 
sequence of interest other than a sense sequence of a plant 
elongation factor-la gene and a 3' noncoding region 
20 comprising transcriptional and translational termination 
regions functional in a plant cell, wherein expression of 
said DNA sequence of interest is regulated by said non 

coding regions . 

6. The DNA construct according to Claim 5, wherein 
25 said 3 1 non coding region is obtainable from a plant 

elongation factor 1-a gene. 

7. The DNA construct according to Claim 5, wherein 
said DNA sequence of interest is a structural gene. 

8. The DNA construct according to Claim 5, wherein 
30 said DNA sequence of interest is an antisense sequence. 

9. The DNA construct according to Claim 8, wherein 
said antisense sequence encodes a plant elongation factor-a 
or fragment thereof of at least about 15 nucleotides. 

10. The DNA construct according to Claim 5, wherein 
35 said plant is tomato. 
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11. The DNA construct according to Claim 10, wherein 
said DNA sequence encodes an enzyme . 

12. An expression cassette for integration into a 
plant genome comprising: 

5 in the direction of transcription, a transcriptional 

and trans lational regulatory region obtainable from a plant 
elongation factor-la gene, a DNA sequence of interest other 
than a sense sequence of a plant elongation factor-la gene, 
and transcriptional and translational termination regions 
10 functional in said plant, wherein expression of said DNA 
sequence of interest Is regulated by said transcriptional 
and translational regions. 

13. The expression cassette according to Claim 12, 
further comprising 

15 a marker for selection of transformed plant cells . 

14. The expression cassette according to Claim 12, 
wherein said plant is tomato. 

15. The expression cassette according to Claim 12, 
wherein said DNA sequence of interest is an antisense 

20 sequence. 

16. The expression cassette according to Claim 15, 
whrein said antisense sequence is a plant elongation 
factor-la gene or fragment thereof of at least about 15 

nucleotides . 

25 17 . An isolated cDNA sequence of from about 15 

nucleotides to about 1.9kb encoding a plant elongation 
factor-lalpha or fragment thereof. 

18. The isolated cDNA sequence according to Claim 17,. 
having the following sequence: 

ClCCXC A CC T e t ttC C aCA tATCCCCTAA ITIliUlLlU AA UHlLlI j mC T CXCA Aa ATC OCT AAA GAfi AAC ATT CAC It 

HCKKXiai 

ATC ACC ATT CTC CTC ATT CCT CAT CTT CAC TCT CCA AAC TCC ACT ACC ACT CCT CAC TTC ATC TAC AAC 150 
ISIVVICHV05CISTTTCI L X Y It 30 

CTT CCT CCT ATT CAC AAC CCT CTT ATT CAC ACC TTC CAC AAC. CAA CCT CCT CAC ATC AAC AAC ACC TCA {If 
LCCXOXHV tEArXKCAAEHHKRSSl 

TTC AAC TAT CCC TCC CTC CTT CAC AAA CTT AAC CCA CAA CCT CAC CCT CCT ATC ACC ATT CAT ATT CCT 29t 
rKTAWVLOXLKAKRtftCIT Z D I A IS 

TTC TCC AAC TTT CAC ACC ACT AAC TAC TAC TCC ACT CTT ATT CAT CCC CCC CCC CAC ACC CAT TTC ATC 351 
tWXrXTTKYYCTVIDAFCB * 0 T I » 



AAC AAC ATC ATC ACT CCT ACC TCT CAC CCT CAC TCT CCT CTT CTC ATT ATT CAC TCC ACT ACT CCT OCT «3C 
XKKXTCTSOAOCAVlrXX 05TTGC122 
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7 T 7 T T T T T T T T T T T T T T T T T T T "I 

CAA ATC CTC AAC CAA CTT TCT TCC TAC CTC AAC AAG CTT OCT TAC AAC CCT CAC AAA ATC CCC TTT CTT Ml 

tivicrv*sti.«*vsr»»D*xtrvni 

CCA ATC TCT CCT TTT CAA CCA CAC AAC ATC ATT CAC AGO TCT ACC AAC CTC GAC TCC TAC AAC CCA CCA 7M 

p I scrtcDii>i:»»« t,,1 - 0 " Tltc ' 1 " 

5 ACC CTC CTT CAC CCT CTT CAC CAC ATT AAC (SAC CCC AAC ACC CCA TCA CAC AAA CCC CTC CCT CTT CCA 171 

ti.i,ialdq:!iip»».'»'>*»«'» 1 "'" 7 

CTT CAC CAT CTT TAC AAC ATT OCT CCT ATT CCA ACT CTC CCT CTT CCT CCC CTT CAC ACT CCT CTC ATC .JO 
LODVTIICClCTVFVOAVtTCVlJiO 

----7-T7?7TTT1 A ?"TT77^" c T III 

10 CAT CTT AAC CCT CCT TAT CTT CCC TCA AAC TCC AAC CAT CAC CCA CCC AAC CCC CCA CCC ACC TTC ACT 10J7 

D I. K »CTVA*«lKt>DfA-JCeAASrTJ" 

CCC CAC CTC ATC ATC ATC AAC CAT CCT CCC CAC ATT CCA AAT CCA TAT CCT CCA CTC CTT CAT TCT CAC 1U« 
A Q V I IKHiFC0lCHCTA*VlDClJ52 

ACT TCC CAC ATT CCT CTC AAC TTT CCT CAC ATC TTC ACC AAC ATT CAC ACC CCT TCA OCT AAC CAA CTT 11J5 
T 5 1 I A V E r A t I L T E 1 D E * » C E t I 375 

CAC AAC CAC CCT AAC TTC TTC AAC AAC CCT CAT CCT CCT ATC CTT AAC ATC ATT CCC ACC AAC CCC ATC I2M 
EAtFKrLEiCOACKVKMirTEFMJM 

15 CTT CTT CAC ACC TTT CCT CAA TAC CCT CCA TTC CCT CCT TTT CCT CTC ACC CAC ATC ACS CAC ACT CTT UM 

VVtTrAtrrri.CErAVEDKEOTV421 

CCTCTTCCTCTTCTCAACAAT^CACAAGAACCACCCAACTOT JJ» 
AVCVVEEVDEEOfTCAEVTEAAQ 

AAC AAC CSS AAC TCA ACTCTCCACTCTCATCCTCCTCTTTCCAAT^ J J'* 



20 



ATTTAATTCTCCTTTACTTTCCTCITTCACTTCTCTATTACCTTCT lS " 
CTTOTACCCTCTCSCCACCATCATTTTCACTCTCTTATCA i HU.1111C1 IC ACCTCCCTTCU1 HUM ICCATCCTCCCTCCCCATT 1«0 



TTTCTTCCTTTAATTTCACATTTAACTTTTCT- ( WW** TAX LI 



19. An isolated genomic clone of from about 15nt to 
about lOkb nucleotides encoding a plant elongation factor- 
lalpha or fragment thereof. 
25 20. An isolated genomic clone according to Claim 19, 

wherein said genomic clone is clone 61-1. 

21. An isolated genomic clone according to Claim 19, 
wherein said genomic clone is clone A. 

22. A plant cell comprising: 

30 a DNA sequence comprising a 5 1 -non-coding region 

obtainable from a plant elongation factor-la gene 
comprising the transcriptional and translational regulatory 
region and free of an intact elongation factor-la gene 
coding region and a DNA sequence of interest other than a 

35 sense sequence of a plant elongation factor-la gene, and 
transcriptional and translational termination regions 
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functional in said plant cell, wherein expression of said 
DNA sequence of interest is regulated by said 
transcriptional and translational regions. 

23. The plant cell according to Claim 21, wherein 
5 said DNA sequence is a structural gene. 

24. The plant cell according to Claim 22, wherein 
said DNA sequence of interest is an antisense sequence. 

25. The plant cell according to Claim 22, wherein 
said plant is tomato * 

10 26. A plant comprising: 

a plant cell according to any of Claims 21-23. 
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CTCCTCAGCTGTGCCGCATATCGCCTAATTTTTCTTCTCTAACTTTCTTACTGTCTCAAG ATG GGT AAA GAG AAG ATT CAC 81 
ATC AGC ATT GTG GTC ATT GGT CAT GTT GAC TCT GGA AAG TCG ACT ACC ACT G ? CAC TTC ATC TAC AAG 150 
Cr: L GGT ATT GAC AAG C£T GTT ATT GAG AGG TTC GAG AAG GAA OCT GCT GAG ATG A*C AAG AGO TCA 219 

« 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 
7 7 7 7 7 7 7 7 7 7 7 77777777 7 7 7 7 » 
^^^^^^^"f^TTTTTT^TT^T? lit 

T l I GCT GGT ATC TCC AAA GAT GGT CAC ACC CGT GAA CAT GCA TTG CTT GCT TTC ACC CTT GGT GTC 495 

aL L ATC ATC TGC tL TCT AAC AAC ATC GAT OCT ACC ACC CCC AAG TAC TCC AAG OCT AGO TAT CAT 564 

L ATC GTG L GAA GTT TCT TCC TAC CTC AAG AAG GTT GGT TAC AAC CCT GAC AAA ATC CCC TTT CTT 633 

L L TCT GCT TTT GAA- GGA CAC AAC ATC ATT GAG AGG TCT ACC AAC CTC CAC TGC TAC AAC CCA CCA 702 

ACC CTC CTT GAG CCT CTT GAC CAC ATT AAC CAC CCC AAC ACC CCA TCA CAC AAA CCC CTC CCT CTT CCA 771 

CTT CA q C GAT CTT TAC AAC ATT GGT GCT ATT CCA ACT GTC CCT CTT GCT CCC CTT CAC ACT CCT CTC ATC 840 

AAG CCT GGT ATC GTT GTG ACC TTT CCC CCT ACT CGT TTC ACA ACT GAA CTC AAC TCT CTT CAC ATC CAC 909 

CAC CAA GCT CTC CAC CAC CCA CTC CCT CCT CAC AAT CTT GGC TTC AAT CTT AAC AAT GTT CCT CTT AAC >7. 

GAT L L CGT CGT TAT GTT CCC TCA AAC TCC AAC CAT CAC CCA CCC AAC GGC GCA CCC ACC TTC ACT 10,7 

CCC CAC GTC ATC ATC ATC AAC CAT CCT GGC CAC ATT CCA AAT CCA TAT CCT CCA CTC CTT CAT TCT CAC 1116 

AQV IIMNHPGQIGNGYAPVHM 

ACT TCC CAC ATT CCT CTC AAC TTT GCT CAC ATC TTG ACC AAG ATT CAC AG r C CCT TCA GCT AAC CAA CTT 1195 
L L CAC ACC TTT CCT CAA TAC CCT CCA TTC CCT CCT TTT GCT GTC ACC CAC ATC ACC CAC ACT CTT 13,3 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 2? 

AAC AAC GGC AAG TCA ACTGTGCAGTGTGATGCTGGTGTTTCGA^TCCTATTTATTTACATCGAGTGTGCTATCTAGACTCTGTTTT 1478 

K K G K 
ATTTAATTCTGCTTTACrTTGGTCTTTGAGTTGTCTATTAGGTTCTCC^ 

OTGATAGGCGCTGGCGACCATGA^ " 6 ° 

TTTGTTGCTTTAATTTGAGATTTAAGTTTTCT- {POXY-A TAIL) 
1692 
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MGKEKIHI N IWIGHVDSGKSTTTWtUA x* u ^xy^ * ;* " " 
MGKEKfflHI N I WIGHVDSGKSTTTGHLIYK C GGIDKR T IE K FE* 
MGKEK I H^WIGHVDSGKSTTTGHLIYK C GGIDKR T IE E FEIL^ 




JFKYAWVtDKLkAEkfehfllT 1 

IFKYAWVLDKLKAERERGIT 2 

j^vfjJFKYAWVLDKLKAERERGIT 3 

,GKo SFKYAWVLDKLKAERERGIT 4 

.Cfr ffiFKYAWVLDKLKAERERGIT 5 



73 idialwkfei^ky: 

73 IDlgLWKFEiqKY: 



73 iDIALWKFETh lKi ^VIDMGH^^ j 



dapghrdfiknmitgtsqadcavl_ 
:dapghrdfiknmitgtsqadcavli 



7 3 IDI ALWKFE^KY^vbviDAPGHRDFIKNMITGTSQADCABLI^AGC 
73 IDIALWKFEj HKTOv trVIDAPGHRDFIK NMITGTSQADC; 



EAGI SlffcQTREH ALLftEfr LG 2 

j^XAGISI^QTHEHAIJ-MariiG 3 

G E FEAGI SKDGQTREHALLAFTLG 4 

IAGI SKDGQTREHALLAFTLG 5 



145 VKMCC 
145 VKqLpjVG 
145 v: 
145 W 
145 3 




!v§^2ikkvgynp 

ej. -^VS A X I KifflD YNEj 

|e eivkevs ifegi kk i g ynp 

KEIVKEVSGFIKKHG@: 
■ ^IVKlg |s{NF3 jKKVGY: 




[PFVP ISdF EJGDNMIHFjSTU 
ISGWHGDNMj^' "™ 
'VPISGWNSDNML _ 
r FVP I S qWHSDNMlLDEg,T 
'FVPIS^NGDNMigA' 




214 OTLLEALLfcnN-r-j 
217 ERKEGKADGKTLI@ALDMLFE 
217 TRKDGNASG1TLLEALEC3LPE 

215 ETKAGSKTGKTLLEABEMEPEVRP. 

215 etkagvvkgi^lleap1e|abecs 



iT ot tit nnTrvvTfZ^TRTVPVGRVETGSlKPGMBVTF ft E AKI TTE 



! E KP LRLP LQDVYKIG G IGT VP VGRVETGfll KFGMgVTF h E AKI TTE 
^LRLP WDVYKIGGIGTVPVGRVETG\©KPGMVVT 



b KPLRLPLQDVYKIGGIGTVPVGRVETG@IJ@3MVVNF B E AAV TTE 4 
^LRLPLODVYKIGGIGTVPVGRVETGVIKPGM^^ 5 



1 

2 
3 
4 



277 VKSVEMHHEAL 
289 VKSVEMHHEgL 
289 VKSVEQhHEAI 
287 VKSVEMHH"^ 
287 VKSVEMHH 



S ALP GDNVGFNVKNN^VKDli^GY 

JaSp gdnvgfnvknv s vk&p RGY - - 

" ALPGDNVGFNVKNV S VKD VP RG 
"^LP GDNVGFNVKNV S VKglF RG k * rf 
" 1 GDNVGFNVKNVl s j VKp IP£g 




top AKG AAS FT AQ V I J 
jyjpA RjSUg EftAQVI^ 
^g^S^TAQVI] 
fcpjSipASFTAQVIJ 



tfGYAPV 1 

tfG^QPV 2 

3YAPV 3 

SYAPV 4 

5 



359 LDCHTAHIACgF 
359 LPCHTOlHIAb : 



349 LDCHllSpiniv^AEiyipIDRRSGI^; 

361 ldchtahia:ecfae|kekSdrrSg$; 

361 LDCHT ft H I A : KFAEfeKE KIDRRSG 



^IEKIDRRSGl 
^ggp ^DRRSGI 



^dkkdpt)GAkvtkaaq; 
;{Kls v^kdpijag kvtkaaEJk 



421 v5vE 

433 VAVL, rri f "jj - l^l 

433 VAVGW K h ^DKKSAG AG KVTKQAQK 
431 VAVGVp K A vTSk VDKAG KVTKAAgjK \S K X 
431 VAVGVp feM ^EKA AlKVTKAAQKfi ^ 




TlKPfW^jF 
SKTOCVEfiF 



r . „ ^PPLGRFAVHVfcRQT 

JcVEBF sdHpplgrfavp d *rqt 

p^^MC VE SEpDfrPPLGRFAVF D tfRQT 
SKPKCVE AY TDpfP P LGRF AVP D tfRQT 
»M qvgfe pYPgLGRFAVRpHRCyr 
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1 TATTATTATAAAAAAAAAAAACTACCCACTAAl 



iGCTCATTCATCCTCCTCTATATATATTACCAATAACC « 9 



70 



TCXTGTAAACTTAAATAAAGTTTCCTICATTXTTCAACIIAATATAXGICCTGTGCCTTCTCTAGGTTA 138 



U . GAIAIAIAIAIXGAXAIICCAICACXCAIXIXIGCIXAIXIIAXCXAAAAXIICATGCAAAIIXGXICC 207 ^ 



20 8 AIGAICCATCAGTITITAAIAAAAIXGATACIAGAIAGIGIAAXITCAICCAAATITGGXXGAIGTIIG 
271 "ciGAGIIXAIAIATAAXIAAIAGGCIGXXTGAXCCGXTXCAXTXIAIAIAICIIIXICXXIIXCGICIC 

346 TCTCAAAAAAGATGTCACTTTATTA' 



276 



345 



TGACAAATAATTACTTAAAAACTTCATTTTTACACGTAATGAAX 414 



Dral 

I 



415 IGAXXIAIIGCXACATAAAIAIIXAAGTAXXGCIXXGAACXAIAAAIAICGXICIIXIAAAIAIXAXGT <83 



Seal 

I 



< 8 < CAAGTCAAAATTGTGTCACGIGAAAIGAGACAGAGTGAGTACTGGTTTTTATTTGTTXGCTTICTGTTX 



552 



553 CTAIAIAXIXGAXAGIAGCXIGGAXXAAIXXAACICAAGAIXXGIGACIAAAGXICAIIAGXXXXGXXC 621 

XbaZ 

62 2 AXCIIAAAIGTCXCAIAAIICCIGGAGAAGGAXGCTXGCCIXCIACAXIGTXCAGXCIGXGTAIXGIIT 690 

664 

Bell 

691 GATCATTCTTGGATGATCTGITTCGTIGATTGGCTACCTAAACTCGATTTTGAIGTATXCGATTTTXCA 759 

691 Ae=I 
760 cAAXXXCXCXATGXXXXGXGXGAAXAXCAGAXXGXTGxLaCAXAGAACACAACXXXXAGAXGTAXXXG 828 

7 98 



Bell 

I 



Hindi 

829 AC 

axxtgxxxcxaxxgxxgacaagacxxcxagxxgaxc^ 897 



844 
Hindi 

Ball 



1 1 CCCAAATCCACTACCACTGGTCACTTGATCTACAACCTAGGTG 966 

X.valV.lIl.ClyH^^ 



898 TTGTGCTTATTGGCCATGTTGACTCTCGCAAATO 
LyHisVaL 
911 91S 
Clal 

971 

1036 ATGCCTGGGTTCTTGACAAGCTCAAGGCTGAACGTi 



GAACGCGGTATCACTATTGATATTGCCTTGTGGA 1104 

y rAlaTrpValLeuA S pLysLeuLysAlaGluArgGluArgGlyIleThrIleA S pIleAlaLeuTrpL 
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1I0S AGTrrCACACTACCAAGTACTATTGTACXGTCATTCATCCTCCTCCTCATAGCGATTXCATCAAGAACA 1173 
ysPhoGluThrThrLysTyrTyrCysThrVallleAspAlaProGlyflisArgAspPhellQLysAsnH 

1123 

Kpnl 

1174 TCATTACTGGTAt mw „ w ^, m 

ETIleThrGlyThrSerGlnAlaAspCysAlaValLouIlelleAspSerThrThrGlyGlyPheGluA 

1187 



TGATTACTGGTACCTCTCAAGCTGACTCTGCTGTCCTGATTATCCACTCCACGACTGGTGCTTTTGAAG 1242 



1243 CTGGTATCTCTAAGGATGGACAGACTCGTGAACATGCGTTGCTTGCTTTCACACTTGCTGTTAGGCAAA 1311 
.laGlylleSerLysAspGlyGlnThrArgGluHisAlaLeuLeuAlaPheThrLeuGlyValArgGlnM 

1312 TGATTTGTTGCTGCAACAAGGTTTGCTCTTTCTTCAACTTTTAACTCACTCTAACACCCCCTTAACACC 1380 
EXIleCysCysCysAsnLys 
1381 CCAATGCCTAAAACGGAGATGGACCTGACTCTGATACCATGTAAAGATATGACATCTGGACCTAACTCA 144 9 



1450 



ACCCAAAAGCTAACTCATGAGCTACGAGGGGAGGATTGTTCAAGTCCATTTCCCAATGATTAGCTAACT 1518 

1519 CATGAGGGTAGCTCATGAGGGGTGGATTGTCCAAGTTCATTCTCTAATGATTGGGACTTTAACCAACTC 1587 

1588 AAACAGATGTTACCTGAAGAATGCTGCTTCATGTTTTGCTAATGTGTTTTTACTCCTTGTGTAGATGGA 1656 

METAs 

Seal 

1657 TGCTACCACACCTAAGTACTCCAAGGCTAGGTATGATGAAATTGTGAAGGAAGTGTCTTCTTACCTTAA 1725 
pAlaThrThrProLysTyrSerLysAlaArgTyrAspGluIleValLysGluValSerSerTyrLeuLy 

1674 

1726 GAACGTTGGTTACAACCCTGACAAGATCCCATTTCTGCCGATTTCTGGTTTCGAAGGAGATAATATGAT 17 94 
sLysValGlylyrAsnProAspLysIleProPheValProIleS^rGlyPheGluGlyAspAsnMETIl 

17 95 TGAGAGATCAACTAACCTGGACTCGTACAAGGGTCCAACCCTTCTTGAGGCTCTTGACCAGCTTAATGA 1863 
eGluArgSerThrAsnLeuAspTrpTyrLysGlyProThrLouLeuGluAlaLeuAspGlnLeuAsnGl 

1864 GCCTAAGAGGCCCTCGGACAAACCCTTGCGTCTTCCACTTCAGGATGTCTATAAGATTCCGGGGATTGG 1932 
uProLyaArgProSerAspLysProLeuArgLeuProLeuGlnAspValTyrLysIleGlyGlylleGl 

1933 GACTGTTCCTGTTGGTCGTGTTGAGACTGGTGTGATTAAGCCTGGTATGGTTGTGACTTTTGGTCCTAC 2001 
yThrValProValGlyArgValGluThrGlyVallleLysProGlyMETValValThrPheGlyProTh 

Nsil 

2002 TGGXCTGACTACTGAAGTTAAGTCTGTTGAGATGCATCATCAAGCTCTTCAAGAGGCACTGCCTGGTGA 2070 
rGlyLeuThrThrGluValLysSerValGluMEXHisHisGluAlaLeuGlnGluAlaLeuProGlyAs 

2038 

2071 TAAXGIXCGXXXXAACGTCAAGAAXGXXGCGGXXAAGGATCXXAAACGXGGAXTIGXXGCXXCCAACTC 2139 
pAanValGlyPheAsnValLysAanValAiaValLysAspLeuLysArgGlyPheValAlaS.rAsnSe 

2140 CAAGGAXCACCCAGCIAAGGGGGCXGCXAGCXXCACCGCXCAGCXCAXCAXCAIGAACCAXCCAGSACA 2208 
rLysAapAspProAlaLysGlyAlaAlaScrPheXhrAlaGlnValllelleMEXAsnHisProGlyGl 
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Bglll 
I 

2209 GATTGGAAATGGATATGCTCCAGTGCTGGACTGTCACXCCTCCCATATTGCTGTCAAGTTTGCTGAGAT 2277 
nllcGlyAsnGlyXyrAlaProValLeuAspCysHisThrSerHialleAlaValtysPheAlaGluIl^ 

Xhol • 

Aval 

I 

2278 CTTGACTAAGATTGACAGGCGTTCTGGTAAGGAACTCGAGAAGGAGCCTAAGTTCTTGAAGAACGGTGA 234 6 
eLeuXhrLysUeAspArgArgSerGlyLysGluLeuCXuLysCluProLysPheLeuLysAsnGlyAs 

2313 

Ncol 

2347 TGCTGGTATGGTTAAGATGATTCCCACCAAGCCCATCGTTGTTGAGACATTCTCCGAGTACCCACCATT 2415 
pAlaGlyMETValLysMETIleProThrLysProMETValValGltiThrPheSarCluTyrProProLe 

2380 

Hindi 
I 

2416 GGGACGTTTTGCTGTGAGGGACATGCGTCAAACTGTTGCTGTTGCTCTTATCAAGAATGTTGACAAGAA 24 B4 
uGlyArgPheAlaValArgAspHETArgGlnThrValAlaValGlyyallleLysAsnValAspLysLy 

2 4 85 GGACCCATCTGG AGCCAAGGTCACC AAGGCTGCTCAGAAGAAAAaJ^ATAGTGCAGTTCAACTCTGG 2553 
sAspProSerGlyAlaLysValThrLysAlaAlaGlnLysLysLys 

EcoRV 

2554 AGTTACCAGAGATATCAGTATCTACTATAATAAAGTGTGTTATGAAAACTTGCTATACTTTACTCTTCC 2 622 
2567 

2 623 TGCTCATGTTCAGTCTTTTAXGTTGTTGTTTGGTTC1TGTTTTCTGCCCTGTAICTCAGGTATCCTTTC 2691 

2 692 CCAGAACTGGGTGCTCGACAGACGGTGGCAAAAGACACAGTTAAGAGTCATTTGGTTTATCTTTTGAGG 27 60 

HiftdHI 

27 61 TGCCT AG G T TC AT CC AAG AC AGGCT AAGAAGCT TTGTT ATTT ATGTTXT C TTAT AAC AC GT AAAT CGT A 2829 

2790 

2830 CTTTTTCTGTTTTTGTGCTGATAATCTTCTAXTCCATCATCTATCCTCTTTTTCCCTTGACATAGT1TG 2898 

2999 GATAACTTGTTTGAAGTCTCTGGATCAGGTTGTGCGCAACTCAACTATTTCATTGAATACTTCCTACCT 2967 

Hindlll 

i 

2968 CCCCTCAATATGAATACCAATTAACTCCGCCCACCAXAGCTTAGACAAATCACAAAAGATTACCTACCA 3036 

3005 

Bell 

3037 TTAT^TCATCACTAATAATCAAGGTCACTTAGCAACACAACATCTCTCTCATAAATACTATAAGACAA 3105 
3041 
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3106 AJTGAGGTTTCCCATTGAATCAGCCAACAACCTAATAGGTAGCTACAAATACACAATTTTAGGGTTCTG 317 

Acc 

3175 GAGCGGGACAGTCATCAGGTGCATGTCGTATACTCTAAAAGTGGTAAGTAGTGCATACTTAGACAGCCG 3243 

3204 

3244 ATATGGGTACAGCAACATTTTGGACAGTCCGAGCAACAIAAAXTTACTCCCACTATCCCACACTGTATA 

EcoRI 
I 

3313 *AAAGCXATCAACCAACAAACrGAACCAAAAGTTGCTAGTAATATAGTATTTATCTTGAATTC 3374 
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EF -GENOMIC Linear LENGTH - 4565 

Ddel Sau3AI 
| I 
1 ATGTGTGTTATATTAGGTCTTAGACGAAATTCATTCCCAAAAGGTAGATCAAATAGAGGAGGATTGTCC 6 9 

20 47 

TaqI 
Clal 



'A 138 



70 AAATATTATAAGAAGTCACTCATTTCATTAATCATCGATGTAGAATTTTTTTCATTCTTTAACACCCT. 

105 



Ddel 

139 TATCACGTCAAGTGCTTAGCATGTTGTGTATGGACAATTTTGACTTTAAGAGCCCCAACATTGCACACT 207 
154 

2 0 8 TTACCTTCTTTTTTTTTGAAAAAATTAACAACAATTTTTTTTTCCTACTTATTCAATACCTTGTTCAAT 27 6 



Ddel Rsal 

277 AATAAAGAACTAAGATAGTACGAAGAGAATTTTATTATTTTGTCTAGCAATTAATAATAATAAATAATA 345 
287 296 



346 ATGTAACAAACATTTCTATGAAATATATATTATTCTCTTTTCCAAGCAAAATTAAAAAATGATAACCAA 414 
Dral 

415 CAATTTAAAAACTTATCCTACAATATAAGTTCATAAAAAAATAATTAGCTTGCCAATTGGCTTAACCAG 483 
421 463 



484 ATTGCAATTATATATATATATATAATAATAATAATAATAATAATAATAATAAATATTTTTAACTTTTTC 



552 



Dral 

553 TCAACAAAAAAAATACTGTTGCTGCTTTCAGTTT^AATCAGTTTTAAGAGTTTACGAAAAATTTAATTA 621 

587 



Dral 

622 tttLiagtaagtatatttttcaataac^^ 690 

625 



6 9 1 gtgatttttagttagtttgctattactattgttgttatccttactactagcattattactattaattaa 



759 
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760 TTATTATTATTATCATCACTATCATTATTAGTAAAAGGTTTT1TTTATGTTTGTATCTTTTAATTTAAT 828 



Dral DraI 
829 ATTTAAATTAAATACATTTACATTTATTTTGCAATATTTAAAAATGATTAGTTTGTCAAATAGTAGAGT 8 97 

833 ' 868 



TaqI 
Sail 
Hindi 
Alul AccI 



DraI I III 



898 TCATTTAAAATTCTTCAGCCATATAGTTCTATTTTTAAGCTAGTCGACTTTTTTTTTCTTACTGAAAAT 966 

904 93 \ 4 l 

941 
942 

967 TAATATTTTTTTCTTTTTGAAATACTAATACATCTAAATTTAACAATTGCCAAAGTGATTTTTAATTAG 1035 
Alul 

1036 CTTGCTGGCTAATCACAATACAAATTACTCTCCTTTACTATATAAGTAAATTTTTATTGCTATATTTGT 1104 
1036 

Dral 

I 

1105 TATTATTATTATTATTAATATTTATTTTCTACAAATTTAACAATATTTTATTTTATATCATTTTAAAAA 1173 

ECORI ECORI AluI 

1174 GATAAGTAATGAAATATTAAGAATTCGTTTAGAATTCTTTTGCAGGTGGGTTTCTATTTGTAAGCTAAT 1242 

1195 1206 J " e " 3 ° 

Alul D*al 

I I 

1243 CTTTTTCAGTTATCTTTTTTTTTTAATCTTTATTATTATTATAGCTATATCTTTTTCTTTTAAAATTAA 1311 
1312 CATTATCTATTAAAGATAATTTCAATAAAAGAGTAAAAATTAATTTAGAGTTCTACTTTCTTCAAATTT 1380 



Dral Dral 

1381 CTATTTTAAAAAATACTTTTAAAACTTGATGTATTTTTTTACGTGGTTTTTCACTATGACTTGATTTCT 1449 
1388 1401 



FIGURE 4 
Page 2 of 8 



PCT/US89/03536 

WO 90/02172 _ g y, ^ 5 „ 

1450 GTTTTAtTATAATATGTATAAATATAAAAATAGATATTCCATAACATATTATAAAAAATGTAAGGGGCA 1518 
1519 TTTACGTAAATAGATAGACTTAAAAGAGGCACCGAGTGAACCCTAATTCTCATCGTTGAGACTATAAAA 1587 

PvuII 

Ode I 

START OF cDNA Alul 
III 

1588 TGCCCATTATCCCATTCGCATTGTCTCTTCATTACTTTTGCTGTGATTTCTCCTCAGCTGTGCCGCATA 1656 

1645 

1641 

1645 
TaqI 

Ddel HinfI 

I 1 1 

1657 TCGCCTAATTTTTCTTCTCTAAqgtttcatcatcttcaccaatttctttaatctcgattcaatttttta 1725 

ml" 



Sau3AI 
I 



c 1794 



1726 tgtttgatctgttattgttctgtcactacatgtgtttttcagttgttttactagatgattttcactgt 

1731 

Sau3AI 

1795 ttcttgttagatcatacatatattgaaaatgttttggattgacttttttgtattgtgaatatctgttat 1863 
1804 

Sau3AI Alul 

18 64 tgtttgatagttgttcagtatttacacagccgatctgtgttatgagcttggtcataactatttctctgt 1932 

1895 1910 



Sau3AI 

Bglll Ndel 
1933 atgtaaatacagatctgttaatgtttgtaatcaatttttcatatgcactgttgatattgttctctctcc 2001 
1944 1974 

HinfI _ N 

2002 tgtcctgttatatgttgatatgattcggtttttgtataacttgaactaaacactagtcctaaatgtttt 2070 

2024 

Hindi I I 

Alul 
I I 

2071 ttttactatttaagatttatataatatggatagatttgttgagttcctagtctctgaagaggttaagct^2l39 



2136 
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2140 tgctgtagttgtttaccagttgagttgcaatactaaaaatcaattcaattactgatattttttgctgtt 2208 

Seal 

Rsal E =° RI 
I I 
2209 taggtttttgacgaagtactttaatttgctttattgaactaaaaacgtagtcctgaattcattgcaagt 2277 

2226 2264 
2226 

Alul * luI 

2278 gtgaaagctatagttcattgtttttgttgcaattcttgaaaaatcaattggtcaagctataatggattt 2346 
2285 2334 

Dral Hhal 

2347 actttttctgttttaaatgttgaatgcgctgaatttatgaatgggttgcatggtttttgaaatatgttg 2415 
2361 2375 

Ddel Hinfl 
I I 
2 416 ttatcrt gttctgt aaatgcagTTTCTTAGTGTCTCAAGATGGGTAAAGAGAAGATTCACATCAGCATTG 2484 
yy * * * * METGlyLysGluLysIleHialleSerlleV 

2441 2469 

TaqI 
Sail 

Hinfl Hindi Hindlll 
Hindi Acd Sau3AI Alul 

|| III III 

2485 TGGTCATTGGTCATGTTGACTCTGGAAAGTCGACTACCACTGGTCACTTGATCTACAAGCTTGGTGGTA 2553 
alVallleGlyHisValAspSerGlyLysSerThrThrThrGlyHisLeuIleTyrLysLeuGlyGlyl 
2499 2515 2534 2544 

2503 2513 2542 

2514 
2515 

Ddel 

TaqI Alul 

2554 TTGACAAGCGTGTTATTGAGAGGTTCGAGAAGGAAGCTGCTGAGATGAACAAGAGGTCATTCAAGTATG 2622 
leAspLysArgVallleGluArgPheGluLysGluAlaAlaGluMETAsnLysArgSerPheLysTyrA 

2579 - " " x - 2590 

2594 



BstNI 

2623 CCTGGGTGCTTGACAAACTTAAGGCAGAACGTGAGCGTGGTATCACCATTGATATTGCTTTGTGGAAGT 2691 
laTrpValLeuAspLysLeuLyaAlaGluArgGluArgGlylleThrlleAspIleAlaLeuTrpLysP 

2625 
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Kspl 

Seal Hp.II f*? 3 .* 1 



Ddel Rsal ( Haelll Bell 



2692 



TTGAGACCAcJaAGTACTA^^ 

2702 2707 2735 2759 



heGluThrThrLysTyrTyrCysThrVallleAspAlaProGlyHisArgAapPhelleLysAsnMETI^ 
2707 2732 2759 



R S S n MeI Hinfl Alul 

2769 2774 2803 
2771 

Nail Sau3AI 



I 1 



2898 



2830 GTATCTCCAAAGATGGTCAGACCCGTGAACATGCATTGCTTGCTTTCACCCTTGGTGTCAAGCAAATGA 

2865 

Rsal 

Alul 

I I 

2899 TCTGCTGCTGTAACAAGgtttgctttaattcgtagatggaattaattgttaatttaagctgtacatgtc 2967 
leCysCysCy sAsnLys 2 9 57 

2961 

Seal 
Rsal 

3018 

3037 TGAAATCGTGAAGGAAGTTTCTTCCTACCTCAAGAAGGTTGGTTACAACCCTGACAAAATC 3105 
PGluIleValLysGluValSerSerTyrLeuLysLysValGlyTyrAsnProAspLysIleProPheVa 

AccI TaqI Rsal Avail 

I III 
3106 TCCAATCTCTGGTTTTGAAGGAGACAACATGATTGAGAGGTCTACCAACCTCGACTGGTACAAGGGACC 3174 
JCCAAIeSerGlyPheGluGlyA^^ 

Haelll 

I 



3175 AACCCTCCTTGAGGCTCTTGACCAGATTAACGAGCCCAAGAGGCCATCAGACAAACCCCTCCGTCTTCC 3243 
^^SSluAl.L.uAspGlnll.A.nGluProLysArgProS.rAspLyaProLeuArgl.uPr 

3218 
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Sau3AI 

f ' /J Bell 

I 

3244 ACTTCAGGATGTTTACAAGATTGGTGGTATTGGAACTGTCCCTGTTGGTCGCGTTG^ 3312 



BstNI Haelll 



I — 3381 



e Ly 3 P r oGlyMET Va lVa 

3319 3340 



Alul BstNI BstNI 
3390 3396 3409 



Alul 

Sau3AI I 



3451 

« 

3452 



HaeXII 
BstNI 

BstNI Bal1 
3520 TGCCCAGGTCATCATCATGAACCATCCTGGCCAGATTGGAAAT^ 3588 

3525 3550 

3547 

3550 

Sau3AI 
Ddel 

Bglll 

xss^s^sss^s^s^s^s^s, 3657 

3619 
3616 . N 
■ 3619 

Hinfl Ncol 
Ddel , , 



3670 
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3727 GGTTGTTGAGACCTTTGCTGAATACCCTCCATTGGGTCGTTTTGCTGTGAGGGACATGAGGCAGACTGT 37 95 
TValValGluThrPheAlaGluTyrProProLeuGlyArgPheAlaValArgAspMETArgGlnThrVa 

Hindi Avail BstEII 

I I I 

3796 TGCTGTTGGTGTTGTCAAGAATGTTGACAAGAAGGACCCAACTGGTGCCAAGGTGACCAAGGCTGCCCA 38 64 

lAlaValGlyValValLyaAsnValAspLysLysAspProThrGlyAlaLysValThrLysAlaAlaGl 

3818 3830 3848 

TaqI TaqI 

I I 
GAAGAAGGGGAAGTGAACTGTGCAGTGTGATGCTGGTGTTTCGAATGCTATTTATTTACATCGAGTGTG 3933 



3865 

nLysLysGlyLys 



3906 3926 



Xbal 

Hinfl 

3 934 CTATCTAGACTCTGTTTTATTTAATTCTGCTTTAGTTTGGTCTTTGAGTTGTGTATTAGGTTGTGGTTC 4002 
3942 

3938 

Ddel Rsal 

4003 TCTGACTTGTCTGTCAAGTATCCATTCTCAGAACTGGGTACTTGATAGGCGGTGGCG AGC ATGATTTTG 4 071 

4030 4042 

Hinfl Nco1 AvaI 

1 1 1 

4072 AGTCTGTTATCATTTGCTTTTGTTGAGGTGCCTTGGTTTGTTTTCCATGGTGGCTCGGGATTTTTGTTG 4140 

4072 4117 4126 

End of CDNA 

Hindi 

I I 
4141 CTTTAATTTGAGATTTAAGTTTTCTACTCATTACGTTACATTTAAGTTAACATGTTACCTTTGCTAAAG 420 9 

4186 



Ddel 
Alul 

4210 GGTGGTGATTTGGTTATTAATAGCTCAGTTGTATAATGGTGCATCAAATTCTGCCTGTAGGATTTGTTG 4278 

4233 
4234 

Rsal 
I 

4279 CAATTTTTATGCTACTGTGCTGACTTCCTAATGCACTATAACATGAGTGATTTTGTACATGGTAACTTG 4347 

4335 



FIGURE 4 
Page 7 of 8 



^4/15 PCT/US89/03536 

WO 90/02172 

Hindi 
BstNI 
I I 

4348 AAATGGTGAATTGAGGCAGAGTGACAACCAAGTCGCCTGGTCAACCCCGCACTGGGGATGACAACCATG 4416 

4385 
4387 



Rsal TaqI 
I 

4417 

4426 ■ 4437 



TGATTTTGTACGTGATAATTCGAAATGGTGAAGTGAGGTAGAACTTGCACCAGATGGCAGCCAGTGTAT 44 85 



4486 



TCATAAAACCATATCAAAGTTGCTATGAACATTTTACTAATTCTCATTATTCTTGATTTTTGATGAGAT 4554 



Sau3AI 
I 

4555 GGAGAAGATCC 4565 
4561 
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